Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


O  HARVARD    UNIVERSITT. 


\ 


bulletin 
bijsseF^  institution 

[JAMAICA    PLAIN   (BOSTON)  ]. 


1874-1876. 


PRE88   OF  JOIIS   WltSON  AND   SON. 


•^b  '^ 


-*r **■ 


V     > 


^       *>      ■*      '     ^-^     ^ 


"'-'^.4.^0 


/S^^/y  ,'-:/;•</-,■    ^^ 


/ 


/  ' 


TABLE  OF  CONTENTS. 


PAO> 

Pbeface.  — History  and  Description  of  the  Bussey  Institution    •    •      1 

1.  Beport  of  Kesnlts  of  Examination  of  Commercial  Fertilixers. 

F.  H.  Stober 8 

2.  Beoord  of  Besnlts  obtained  on  analyzing  American  "  Shorts  " 

and  ''Middlings,"  with   Bemarks  on  the  Composition  of 
Bran.    F.  H.  Stobkb 25 

8.  The  Humane  Destruction  of  Animals.    D.  D.  Sladb      •    •    •    40 

4.  Agricultural  Value  of  the  Ashes  of  Anthracite.    F.  H.  Storeb    60 

6.  Beoord  of  Trials  of  Fertilizers  upon  the  Plain-field  of  the  Bussey 
Institution.  First  Beport.  Besults  obtained  in  1871.  F.  H. 
Stobeb 80 

6.  Becord  of  Trials  of  Fertilizers  upon  the  Plain-field.      Second 

Beport.    Besults  obtained  in  1872.    F.  H.  Storeb     .    .    .  103 

7*  Beoord  of  Trials  of  Fertilizers  upon  the  Plain-field.  Third 
Beport.  Besults  obtained  in  1873.  With  a  Beview  of  the 
Three  Years'  Course  of  Experiments.    F.  H.  Stobeb  .    .    .  116 

8.  Analyses  of  several  Foreign  Superphosphates  of  Lime,  with 

Bemarks  on  the  Cost  of   importing  Superphosphates  from 
Europe.    F.  H.  Storeb 170 

9.  On  the  Valuation  of  the  Soluble  Phosphoric  Acid  in  Superphos- 

phate of  Lime.    F.  H.  Storer 185 

10.  Average  Amounts  of  Potash  and  Phosphoric  Acid  in  Wood-ashes 

from  House  Fires.    F.  H.  Storer 191 

11.  On  the  Importance  as  Plant-food  of  the  Nitrogen  in  Vegetable- 

Mould.    F.  H.  Storer 252 


IV  TABLE   OP   CONTENTS. 

PAOH 

12.  Applied  Zoology.     The  Importance  of  its  Study  to  the  Practical 

Agriculturist.     B.  D.  Slade 286 

13.  Report  of  the  Director  of  the  Arnold  Arboretum,  presented  to 

the  President  and  Fellows  of  Harvard  University.      C.  S. 
Sargent 293 

14.  Record  of  Trials  of  Fertilizers  upon  the  Plain-field  of  the  Bussey 

Institution.      Fourth  Report.      Results    obtained    in    1874. 
F.  II.  Storer 300 

15.  The  Potato  Rot.     W.  G.  Farlow 319 

» 

16.  Report  on  Analyses  of  Salt-marsh  Hay  and  Bog  Hay.    F.  H. 

Storer 339 

17.  On  the  Fodder  Value  of  Apples.     F.  H.  Storer 362 

18.  Composition  of  Date-Stones,  and  of  the  Stones  of  Peaches  and" 

Prunes.    F.  U.  Storer 373 

19.  Analyses  of  Potassic  Fertilizers.     F.  H.  Storer 378 

20.  On  the  Occurrence  of  Ajnmonia  in  Anthracite.    F.  H.  Storer  .  398 

21.  Disease  of  Olive  and  Orange  Trees,  occurring  in  California  in 

1875.    W.  G.  Farlow  . 404 

22.  American  Grape- Vine  Mildew.    W.  G.  Farlow    •     .     .     .     .  415 

23.  List  of  Fungi  in  the  Vicinity  of  Boston.    W.  G.  Farlow  .     .  430 

24.  The  Black  Knot.    W.  G.  Farlow 440 

25.  Report  of  the  Director  of  the  Arnold  Arboretum,  presented  to 

the  President  and  Fellows  of  Harvard  University.     C.  S. 
Sargent 455 

Index 459 


HARVARD  UNIVERSITY. 


BULLETIN 


OF 


THE   BUSSEY   INSTITUTION 


Harvard  University,  15th  November,  1878. 

The  experiments  and  investigations  made  at  the 
Bussey  Institution  will  be  published  from  time  to  time 
in  a  «  Bulletin." 

It  seemed  fitting  that  the  first  number  of  the  Bulletin 
should  contain  some  account  of  the  origin^  objects^  and 
resources  of  the  Institution.  - 


The  Bussey  Institution  is  a  School  of  Agriculture  and  Horti- 
culture, established  as  a  department  of  Harvard  University  under 
the  trusts  created  by  the  will  of  Benjamin  Bussey  of  Roxbury, 
Massachusetts,  bearing  date  July  30, 1835. 

Mr.  Bussey's  will  was  proved  and  allowed  on  the  first  Tues- 
day of  March,  1842.  It  conveyed  his  estate,  real  and  personal, 
to  seven  trustees,  who  were  required  to  pay  legacies  amounting 
to  about  nineteen  thousand  dollars,  and  annuities  amounting  to 
about  twelve  thousand  dollars  a  year ;  to  give  to  the  widow  the 
occupation  of  an  estate  in  Boston  for  her  Ufe;  to  give  to  the 
widow,  to  Francis  C.  Head,  Esq.,  and  to  his  granddaughter,  Mrs. 
Thomas  Motley,  in  succession,  the  occupation  for  life  of  his  estate 
in  West  Eoxbury  called  Woodland  Hill ;  and  finally,  after  these 
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life-estates  had  expired  and  all  the  legacies  and  annuities  had 
been  paid  or  secured,  to  convey  aU  the  testator's  property,  real, 
personal,  and  mixed,  to  the  President  and  Fellows  of  Harvard 
OoUege  upon  the  conditions  and  for  the  purposes  set  forth  in  the 
following  extracts  from  the  wiU:  — 

''Before  proceeding  to  make  a  further  disposition  of  my  property 
and  estate,  I  think  it  will  tend  to  elucidate  and  explain  the  several 
devises  and  dispositions  thereof,  hereinafter  made,  to  state  that  in 
making  this  will  I  have  two  objects  chiefly  in  view.  My  primary 
object  has  been  to  provide  in  the  best  and  most  secure  manner  in  my 
power  a  comfortable  and  respectable  Uving  after  my  decease  for  my 
&mily,  namely,  my  wife,  if  she  shall  outlive  me,  and  my  daughter 
and  her  children  now  living,  and  to  make  some  provision  for  great- 
grandchildren. My  second  object  has  been  to  benefit  my  fellow- 
citizens  and  posterity,  according  to  my  ability,  by  devoting  ultimately 
a  large  portion  of  my  fortune  to  promote  those  branches  of  educatipn 
which  I  deem  most  important  and  best  calculated  to  advance  the 
prosperity  and  happiness  of  our  common  country.  I  have  also  felt  a 
particular  desire  to  increase  the  usefulness  of  the  schools  of  Law  and 
Theology  at  Harvard  College  in  Cambridge.  In  a  nation  whose  gov- 
ernment is  held  to  be  a  government  of  laws,  I  deem  it  important  to 
promote  that  branch  of  education  which  lies  at  the  foundation  of  wise 
legislation,  and  which  tends  to  insure  a  pure  and  uniform  administra- 
tion of  justice ;  and  I  have  considered  that,  in  a  countxy  whose  laws 
extend  equal  protection  to  all  religious  opinions,  that  education  which 
tends  to  disseminate  just  and  rational  views  on  religious  subjects  is 
entitled  to  special  patronage  and  support .... 

''And  I  do  hereby  farther  declare  that  all  the  real  and  personal 
property  and  estate  so  conveyed,  transfeired,  and  delivered  to  the 
President  and  Fellows  of  Harvard  College  shall  stand  charged  and 
chargeable  with  the  said  annuities  and  payments,  if  not  paid  or  pro- 
vided for,  and  shall  be  taken  and  held  by  said  Premdent  and  Fellows 
of  Harvard  College  as  a  permanent,  public  corporate  body  specially 
charged  with  the  care  and  superintendence  of  the  higher  branches  of 
education,  ujpcn  the  trust  and  confidence  that  they  will  manage  and 
invest  the  same  to  the  best  advantage ;  that  they  will  retain  the  estate 
on  which  I  now  live  in  said  Roxbuiy,  called  '  Woodland  Hill,*  consist- 
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• 
ing  of  over  two  hundred  acres  of  land,  as  a  place  in  my  judgment  well 

adapted,  from  the  great  variety  and  excellence  of  its  soil,  its  hills,  val- 
leys, and  water,  its  great  diversity  of  surftice  and  exposure,  and  lastly, 
its  hi^  state  of  cultivation  and  improvement,  for  all  the  objects  con- 
templated«  That  they  will  establish  there  a  course  of  instruction  in 
practical  agriculture,  in  useful  and  ornamental  gardening,  in  botany, 
and  in  such  other  branches  of  natural  science  as  may  tend  to  promote 
a  knowledge  of  practical  agriculture  and  the  various  arts  subservient 
thereto  and  connected  therewith,  and  cause  such  courses  of  lectures  to 
be  delivered  there  at  such  seasons  of  the  year  and  under  such  regula- 
tions as  they  may  think  best  adapted  to  promote  the  ends  designed ; 
and  also  to  furnish  gratuitous  aid,  if  they  shall  think  it  expedient,  to 
such  meritorious  persons  as  may  resort  there  for  instruction :  the  in- 
stitution so  established  shall  be  called  the  *  Bussey  Institution.' .... 

^And  it  is  my  will  that  one  half  of  the  net  income  of  all  my 
estates  and  property  so  conveyed  to  said  President  and  Fellows  of 
Harvard  College  shall  be  appropriated  to  the  support  of  said  institu- 
tion, and  of  such  branches  of  instruction  in  the  physical  sciences, 
there  or  at  Harvard  College,  as  are  subservient  thereto,  and  con- 
nected with  the  great  objects  of  said  institution ;  and  it  is  my  will 
that  the  other  half  of  the  net  income  of  said  estates  and  property  so 
conveyed  to  said  President  and  Fellows  of  Harvard  College  shall  be 
annually  appropriated,  one  half  thereof  to  the  encouragiement  and 
promotion  of  theological  education,  and  the  other  moiety  to  the 
encouragement  and  promotion  of  l^gal  education  in  said  College,  by 
the  endowment  of  professorships  or  scholarships  in  the  Theological 
and 'Law  Schools  respectively;  by  the  purchase  of  books,  erection  of 
buQdings,  and  by  such  other  means  as  may  in  their  judgment  render 
the  income  of  the  property  hereby  appropriated  most  available  in  the 
accomplishment  of  the  objects  proposed. .... 

"  And  being  desirous  that  every  proper  accommodation  should  be 
secured  for  the  officers  and  pupils  of  said  institution,  I  hereby  order 
and  direct  my  trustees,  as  soon  as  they  shall  deem  it  expedient  and 
consistent  with  the  state  of  the  trust  funds,  to  cause  to  be  erected  on 
the  ^  Plain-^eld,*  so  called,  next  easterly  of  my  farm  garden,  and 
bounded  southeasterly  on  the  road  running  from  said  'Woodland 
Hill '  to  Boston,  an  edifice,  with  convenient  outbuildings,  suitable  in 
all  respects  for  said  institution :  the  said  edifice  to  be  not  less  than 
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ten  rods  from  said  road  ;  the  exterior  walls  thereof  to  be  built  of  stone 
in  blocks  (not  hammered),  or  to  be  similar  to  the  front  wall  of  the 
*  Masonic  Temple,'  so  called,  in  said  Boston.  And  I  earnestly  enjoin 
it  upon  my  trustees  to  have  the  said  edifice  constructed  and  completed 
with  a  proper  regard  to  durability  and  beauty,  and  so  as  best  to  secure 
the  comfort  and  convenience  of  the  inmates  of  said  building." 

The  will  further  provided  that  in  case  the  President  and  Fel- 
lows of  Harvard  College,  after  the  decease  of  Mrs.  Bussey,  should 
take  upon  themselves  the  payment  of  the  annuities  and  other 
sums  given  by  the  will  and  the  performance  of  all  the  other  trusts 
enjoined  upon  the  trustees,  it  should  be  the  duty  of  the  trustees 
immediately  to  pay  over,  transfer,  and  convey  to  the  said  Presi- 
dent and  Fellows  all  the  trust  estates,  real  and  personal,  remain- 
ing in  their  hands. 

Under  this  provision,  in  May,  1861,  the  trustees  transferred  all 
the  property  in  their  possession  to  the  President  and  Fellows  at 
a  valuation  of  $413,290.69,  exclusive  of  the  Woodland  Hill 
estate.  At  the  time  of  this  transfer  the  amount  of  the  annuities 
was  $  9,300,  the  income  of  the  whole  property  was  $  32,130,  and 
the  Woodland  Hill  estate  waa  occupied  by  Mrs.  Thomas  Motley. 
The  President  and  Fellows  immediately  applied  one  quarter  of 
the  net  income  of  the  property  to  the  uses  of  the  Divinity  School, 
and  another  quarter  to  the  uses  of  the  Law  School,  and  directed 
that  the  remaining  half  should  be  carried  year  by  year  to  a  fund 
which  should  accumulate  at  compound  interest.  This  fund 
they  proposed  to  use  for  building  purposes  whenever  it  should 
become  their  duty  to  organize  and  equip  the  "Bussey  Insti- 
tuticm." 

Nine  years  later,  in  the  spring  of  1870,  the  President  and  Fel- 
lows began  the  organization  of  the  school  of  agriculture  and 
horticulture  which  Mr.  Bussey  had  planned  and  provided  for 
thirty-five  years  befora  The  income  of  the  property  had  risen 
to  $  38,187,  the  annuities  had  fallen  to  $  7,100,  and  the  accumu- 
lating fund  for  purposes  of  building  and  equipment  had  reached 
9  75,076.94,    Mrs.  Motley  still  occupied  the  estate  at  West  Eox- 
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bury,  called  Woodland  Hill ;  but  for  certain  considerations,  which 
were  satisfactory  to  her,  she  relinquished  her  life-estate  in  a 
field  of  about  seven  acres,  called  the  Plain-field,  which  was  desig- 
nated by  Mr.  Bussey  as  the  site  of  the  building  for  the  Bussey 
Institution.  The  indentures  which  contain  this  agreement  bear 
date  July  1  and  September  5,  1870.  Simultaneously  (July  8, 
1870)  the  trustees  of  the  Massachusetts  Society  for  Promoting 
Agriculture,  desiring  to  aid  in  building  up  an  establishment  for 
carrying  on  agricultural  experiments  and  investigations  and  dif- 
fusing a  knowledge  of  sound  agricultural  principles  and  methods, 
granted  to  the  President  and  Fellows  of  Harvard  College  S  3,000 
"for  the  support  i^  a  laboratory,  and  for  experiments  in  agricul- 
tural chemistry  to  be  conducted  on  the  Bussey  estate,"  and,  in 
view  of  the  time  needed  for  agricultural  inquiries,  passed  a  reso- 
lution that,  "  in  the  opinion  of  the  trustees  of  this  society,  the 
annual  sum  of  $  3,000  should  be  continued  for  a  term  of  not  less 
than  five  years."  Accordingly,  in  each  succeeding  year,  the 
trustees  of  the  society  have  given  $  3,000  to  the  President  and 
Fellows ;  but  one  half  of  the  second  grant  was  used,  at  the  re- 
quest of  the  trustees,  for  the  department  of  horticulture  at  the 
Bussey  Institution,  and  one  half  of  the  third  for  the  Botanic 
Garden  at  Cambridge.  Since  September  1, 1870,  the  President 
and  Fellows  have  erected  upon  the  Plain-field,  in  accordance 
with  the  directions  given  in  Mr.  Bussey's  will,  a  handsome 
stone  building,  containing  a  lecture-room,  a  laboratory  with  suit- 
able  store-rooms  and  a  glass-house  in  connection  therewith,  a 
library-room,  an  oflBice,  three  recitation-rooms,  some  chambers, 
and  several  large  rooms  to  receive  illustrative  collections.  The 
grounds  and  avenues  have  been  prepared,  glass-houses,  sheds, 
and  hot-beds  for  the  department  of  horticulture  have  been 
buUt  and  stocked,  and  a  permanent  water-supply  for  the  whole 
estate  has  been  contrived  and  constructed.  On  September  1, 
1873,  there  remained  of  the  fund  accumulated  for  purposes  of 
building  and  equipment,  $21,544.93.  The  laboratory  was  not 
equipped  and  ready  for  occupation  until  the  last  week  of  1871, 
since  which  date  agricultural  researches  have  been  steadily  pros- 
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ecuted  by  the  professor  of  agrictiltaral  chemistry  and  his  assist- 
ants. The  library  has  been  b^un,  and  some  progress  has  been 
made  towards  gathering  collections  in  applied  zoology  and  en- 
tomology. The  appointments  thus  far  made  in  the  Institution 
are  as  follows: — •* 

An  Instructor  in  Farming  (October  12, 1870). 

A  Professor  of  Agricultural  Chemistry  (November  25, 1870). 

A  Professor  of  Horticulture  (March  8, 1871). 

A  Professor  of  Applied  Zoology  (March  8, 1871). 

An  Instructor  in  Entomology  (March  31, 1871). 

A  Director  of  the  Arnold  Arboretum  (June  19, 1872). 

A  Librarian  and  Curator  of  Collections  (Nov^ber  10, 1873). 

The  President  and  Fellows  will  be  glad  to  have  the  opportu- 
nities and  facilities  provided  by  the  Bussey  Institution  recognized 
and  utilized  by  the  public,  and  to  see  students  resorting  thither 
for  instruction  in  the  arts  and  sciences  which  subserve  agriculture 
and  horticulture ;  but  students'  fees  are  not  necessary  to  the  sup- 
port of  the  Institution.  The  permanent  funds  provided  by  Mr. 
Bussey  will  enable  the  President  and  Fellows  to  maintain  the 
Institution  as  a  scientific  station,  like  the  Astronomical  Observa- 
tory or  the  Museum  of  Comparative  Zoology  at  Harvard  CoU^^e, 
until  the  time  shall  come  when  there  shall  be  a  demand  for  its 
privileges  as  a  school 

In  the  spring  of  1872  the  President  and  Fellows  received  a 
gift  of  $100,000  from  the  trustees  under  the  will  of  the  late  James 
Arnold,  merchant,  of  New  Bedford,  Massachusetts,  for  the  purpose 
of  establishing  in  the  Bussey  Institution  a  professorship  of  tree- 
culture,  and  creating  and  maintaining  on  the  Bussey  estate  an 
arboretum  which  shall  ultimately  contain,  as  far  as  is  practicable, 
all  the  trees,  shrubs,  and  herbaceous  plants,  either  indigenous  or 
exotic,  which  can  be  raised  in  the  open  air  at  West  Boxbury. 
At  least  two  thirds  of  the  income  of  the  fund  is  to  be  accumu- 
lated until  the  fund  amounts  to  at  least  $  160,000,  and  the  Bussey 
estate  (Woodland  Hill)  in  West  Boxbury  passes  completely  into 
the  hands  of  the  President  and  Fellows.  A  particular  portion  of 
the  estate  has  been  specified  as  the  site  of  the  arboretum  in  the 
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indenture  which  defines  the  objects  and  terms  of  this  gift^  —  a 
portion  which  contains  about  one  hundred  and  thirty-seven  acres, 
and  is  the  finest  part  of  the  whole  estate  as  regards  the  variety 
of  its  soils,  the  beauty  and  variety  of  the  trees  abeady  growing 
upon  it,  and  the  lay  of  the  land.  An  arboretum  is  intended  to 
educate  the  public,  as  well  as  the  special  students  who  resort  to 
it.  When  Woodland  Hill  comes  into  the  possession  of  the  Presi- 
dent and  Fellows,  the  Arnold  Arboretum  will  doubtless  be  laid 
out  as  an  open  park,  with  suitable  walks  and  roadway&  It  can 
hardly  fail  to  become  a  beautiful,  wholesome,  and  instructive 
resort,  which  will  be  more  and  more  precious  as  population  grows 
denser  about  it 
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No.  1. — A  Report  of  Results  obtained  on  examining  some  Com- 
mercial Fertilizers,  by  way  of  Analysis*  by  F.  H.  Storeb,  Professor 
of  Agricultural  Chemistiy  in  Harvard  University. 

A  SET  of  field  experiments  undertaken  at  the  Bussey  Institution  in 
behalf  of  the  trustees  of  the  Massachusetts  Society  for  Promoting 
Agriculture,  for  the  purpose  of  testing  the  efficacy  of  a  variety  of  ma- 
terials procurable  in  Boston  and  supposed  to  possess  fertilizing  power, 
naturally  led  to  the  analysis  of  a  considerable  number  of  commercial 
manures,  as  set  forth  in  the  following  pages. 

The  analyses  in  question  were  incidental  to  the  field  work,  and 
wholly  subordinate  to  it.  They  have  little  interest  in  themselves,  ex- 
cept in  so  far  as  they  go  to  confirm  the  £eu)t  already  well  known  to 
chemists  and  to  many  &rmers,  that  the  fertilizers  on  sale  in  this 
vicinity  are,  as  a  general  rule,  of  very  poor  quality,  and  to  enforce 
anew  the  lesson  that  measures  of  reform  in  the  matter  of  buying  and 
selling  manures  are  imperatively  needed. 

As  will  be  seen  on  inspecting  the  following  list,  the  substances  ex- 
amined were,  with  few  exceptions,  by  no  means  worth  the  prices  asked 
for  them. 

SUPERPHOSPHATES. 

I.  Wilson's  Superphosphate,  bought  April,  1871,  of  J.  Breck  and 
Son,  Boston. 

•   Moisture  expelled  at  212''    .        .        .    11.12% 
Volatile  matter  (beside  moisture)     •        28.5S 

Ash  left  on  ignition      •        •        •        •    65.30 

100.00 

*  The  manuscript  of  this  article  was  presented  in  November,  1S72,  to  the  tmsteet 
of  the  Massachusetts  Society  for  Promoting  Agriculture,  as  a  partial  report  of 
progress  to  the  society,  at  whose  expense  the  analyses  had  been  made,  and  also  as 
an  appeal  to  the  trustees  to  take  action  wbich  might  lead  to  an  improvement  in  the 
quality  and  trustworthiness  of  a  certain  class  of  fertilizers  in  the  New^England 
market 

It  win  be  observed  that  the  paper  is  one  of  merely  local  interest  Wherever  an 
Experimental  agricultural  station  has  been  established,  one  of  the  first  questions 
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Of  matters  valuable  as  manure  the  specimen  contained :  — 

Phosphoric  acid  soluble  in  water  .       4.81% 

«  "     insoluble      «...  7.86 

"  "         Total       ....  12.67% 

Total  nitoogen,  1.25%   =  \  ammonia,  0.18%,  i.  e.  nitrogen  0.15% 

i  nitrogen  not  in  form  of  ammonia      1.10 

1.25% 

There  was  sand,  &c.,  insoluble  in  acid,  to  the  amount  of  .  .    ^.54% 

II.   Wilson's  Superphosphate,  bought  March,  1872,  of  J.  Breck  and 
Son,  Boston.. 

Moisture       .        .        .        .        .        .       7.72 

Volatile  matter  (beside  moisture)     .        27.21 

Ash 65.07 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained : — 

Soluble  phosphoric  acid  .  .8.75% 

Insoluble        *'  "         .        .        .        .  7.60 

Total  a  It  ....  11.85% 

Total  nitrogen,  0.69%   =  \  ^^^^^  ^•S8%»  ^  «•  ^^^g^"^  ^-28% 

C  nitx^en  not  in  form  of  ammonia      0.41 

0.69% 

There  was  sand,  &c.,  to  the  amount  of 2 


X 


III.  Coe's  Superphosphate,  bought  April,  1871,  of  William  L. 
Bradley,  Bostonl 

Moisture       .        .      •  .  .6.78% 

Volatile  matter  (beside  moisture)      .        85.14 

Ash 58.08 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid  ....      4.49% 

Insoluble        «  "         10.49 

Total  «  "  ....  14.98% 

which  presents  itself  for  solution  is  that  relating  to  the  character  of  the  fertilizers 
of  the  locality.  The  laboratory  of  the  Bossey  Institution  has  in  its  turn  been 
forced  to  give  some  attention  to  this  matter  of  detail. 

As  now  printed,  the  paper  retains  its  original  form.  It  has  been  altered  only  by 
the  incorporation  of  a  few  detenninatioDs  made  since  the  presentation  of  the  report, 
and  some  slight  additions  explanatory  of  the  estimates  of  values. 

VOL.  I.  2 
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Total  nitrogen,  2.02%   =  5  "mmonia,  0.76%,  i.  e.  nitrogen         0.62% 

i  nitrogen  not  in  form  of  ammonia      1.40 

2.02% 

There  was  sand,  &c,  to  the  amount  of 6.95% 

IV.  Coe's  Superphosphate,  bought  March,  1872,  of  William  L. 

Bradley,  Boston. 

Moisture 6.27% 

Volatile  matter  (beside  moistmre)  41.86 

Ash 51.87 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained : — 

Soluble  pliosphoric  acid  .        •        .        .10.23 

Insoluble        **  **....  1.82 

•  

Total  «  "  ....  12.05% 

Total  nitrogen,  1.92%  =  \  ""^o*^  0-«2%,  L  e.  nitrogen         0.48% 

i  nitrogen  not  in  form  of  anmionia      1.49 

1.92% 

There  was  sand,  &c.,  to  the  amount  of 4.00% 


V.    "XL"   Superphosphate,  bought   May,    1871,  of  William   L. 

Bradley,  Boston. 

Moisture 7.58% 

Volatile  matter  (beside  moisture)  86.87 

Ash 55.60 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid  .        .        .        .5.67% 

Insoluble        "  "         .        .        .        .        10.26 

Total  «  <4  ....  15.93% 

Total  nitrogen,  2.71%   =  j  an^o*^***  ^•96%»  i-  e-  nitrogen  0.79% 

C  nitrogen  not  in  form  of  ammonia      1.92 

There  was  sand,  &c.,  to  the  amount  of 6 


% 


VI.    "XL"  Superphosphate,  bought  March,  1872,  of  William  L. 
Bradley,  Boston. 

Moisture 18.55% 

Volatile  matter  (beside  moisture)      .        84.88 

Ash 47.07 

100.00 
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Of  matters  valuable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid  ....      6.55% 

Insoluble        «  "         ....  5.96 

Total  u  u  ....  12.61% 

Total  nitrogen,  2.19%   =  j  "^^"^  ^'^^  '  ^  ^  "'*^^ .       ^'^^^ 

i  nitrogen  not  in  form  of  ammonia      1.53 

2.19% 

There  was  sand,  Ike,  to  the  amount  of 3.29% 


VII.   Bay  State  Superphosphate,  bought  April,  1871,  of  J.  Breck 
and  Son,  Boston. 

Moisture 10.08% 

Volatile  matter  (beside  moisture)     .        41.88 

Ash 48.54 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained :  — : 

Soluble  phosphoric  acid  ....    10.23% 

Insoluble        "  "         ....  3.57 

Total  "  «  ....  13.80% 

Total  nitrogen,  1.40     =  \  ^^^^^^  ^-^2%,  i.  e.  nitrogen         0.51% 

i  nitrogen  not  in  form  of  ammonia     0.89 

1.40% 

There  was  sand,  &c.,  to  the  amount  of 1 


% 


VIII.   Fales's  Superphosphate,  obtained  Jime,  1872,  from  Whitte- 
nu>re,  Belcher,  &  Co.,  Boston. 

'  Moisture      ".        .    '   .        .        .        .      6.04% 

Volatile  matter  (beside  moisture)     .        17.04 

Ash 76.92 

^100.00 

Of  matters  viduable  as  manure  the  specimen  contained : — 

Soluble  phosphoric  acid  ....      1*46% 

Insoluble        "  «  ....  8.69 

Total  «*  "  .        .        .        .  10.15% 

Total  nitrogen,  1.67%  =  i  """"o^  0-25%,  i.  e.  nitrogen'.        0.21% 

1  nitrogen  not  in  form  of  ammonia      1.46 

1.67% 

There  was  sand,  &c.,  to  the  amount  of 29.63 
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IX.    Russell  Goe*8  Superphosphate,  obtained  April,  1872,  by  John 
R  Brewer,  Esq.,  of  Hingham. 

Moisture 81.80% 

Volatile  matt^  (beside  moisture)      .        27.S6 

Ash 40.94 

—  100.00 

Of  matters  valiiable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid  .  ...      7.68% 

Insoluble        «         *•  ....  4.18 

Total  «         41  ....  11.86% 

Total  nitrogen,  0.96%  =  \  '^'"o^  ^•*^%» '''  ^  nitrogen         0.86% 

i  nitrogen  not  in  form  of  ammonia     0.59 

0.95% 

There  was  sand,  &C.,  to  the  amount  of     .        .       *.        .        .       .    1.12% 


• 


X.   Russell  Cbe'fl  Superphosphate,  obtained  June,  1872,  from  Whit- 
temore,  Belcher,  &  Co.,  Boston.  • 

Moisture 14.91% 

VolatUe  matter  (beside  moisture)      .        82.88 

Ash 58.76 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid  .        .        .9.15% 

Insoluble         «         ".....  4.77 

Total  «         ««  ....  18.92% 

Total  nitrogen,  1.01  %  -  j  ammonia,  0.42%,  L  e.  nitrogen  0.85% 

i  nitrogen  not  in  form  of  ammonia      0.66 

1.01% 

There  was  sand,  &c.,  to  the  amount  of 8.86 


XI,  Phosphatio  Blood  Guano,  procured  January,  1872,  firom  the 
Manhattan  Manufacturing  and  Fertilizing  Company  of  New  York,  by 
Mr.  Gardner  Brewer,  of  Boston. 

Moisture 21»25% 

Volatile  matter  (beside  moisture)      •        48.88 

Ash 84.87 

100.00 


BDLLETIK  OP  THE  BUSSET  INSTITUTION.  IS 

Of  matters  valuable  as  maaure  tihe  specimen  contained :  -* 

Soluble  phosphoric  acid  .        .        .        .      9.12% 

Insoluble        "         "  ....  1.98 

Total  «         «       ^      .        ;       .        .  11.05% 

Nitrogen 2.72% 

There  was  sand,  &c,  to  the  amount  of 1.56% 


BONE-MEALS  AND  BONE-BLACKS. 

XIL  Coarsely  ground  Bone,  bought  April,  1871,  of  J.  Breck  and  Son, 

Boston.   ^ 

Moisture  8.96% 

y<^tile  matter  (beside  moisture)      .        82.29 

Ash 59.35 

100.00 

The  sample  contained :  — 

22.05%  of  phosphorks  acid,  and 

2.07    of  sand. 


XfiL   Fine  Bone-Meal,  bought  April,  1871,  of  J.  Breck  and  Son, 

Boston.  . 

Moisture       .        • 6.70% 

Volatile  mattei;  (beside  moisture)     .        19.29 

Ash      .        .        .        .      '.        .        .     74.01 

100.00 

The  sample  contained :  — 

24.80%  of  phosphoric  acid,  and 

1.48    of  sand. 


XIV.   Bone-Meal,   bought  April,    1871,   of  William  L.   Bradley, 
Boston. 


fo 


Moisttnre 5^8^/c 

Volatile  matter  (beside  moisture)  38.47 

Ash 56.00 

100.00 

The  sample  contained :  — 

19.40%  of  phosphoric  acid,  and 

1.62    ofsasKl 
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XV.   Coarse  Bone-Black,  obtained  February,  1872,  firom  Messrs. 
C.  0.  Whitmore  and  Sons,  Boston. 

Moistore 9.94% 

Carbon    .        .        .        .        .        •         10.40 

Ash     .        .        .      *  .        .        .        .     79.66 

100.00 

The  sample  contained :  — 

82.08%  of  phosphoric  acid,  and 

0.49    of  sand. 

XVL   Fine  spent  Bone-Black,  obtained  February,  1872,  firom  C.  0. 
Whitmore  and  Sons,  Boston. 

Moisture 9.79% 

Carbon 6.80 

Ash 84.41 

ioo.oo 

The  sample  contained :  — 

80.19%  of  phosphoric  acid,  and 
2.78    of  sand. 


'  V 


NITROGENIZED  MANURES. 

XYII.  Blood  Flour,  procured  January,  1872,  firom  the  Manhattan 
Manufiicturing  and  Fertilizing  Company  of  New  York,  by  Mr.  Gardner 
Brewer,  Boston. 

Volatile  matter  and  moisture  .    95.02% 

Ash 4.98 

100.00 

The  sample  contained :  — 

0.80%  of  phosphraic  add, 
11.22    of  nitrogen,  and 
0.81    ofsand.. 

• 

XVIII.  Dried  Blood,  as  produced  by  a  drying  apparatus'  similar  to 

the  one  employed  by  Messrs.  North,  Meriam;  &  Co.,  obtained  De- 
cember, 1871,  at  New  Haven,  by  Dr.  George  Derby,  Secretary  of  the 
Massachusetts  State  Board  of  Health. 

The  sample  contained :  — 

10.88%  of  nitrogen. 
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XIX.   Dried  Fish-Scrap,  as  produced  by  the  drying  apparatus  afore- 
said, obtained  at  New  Haven  by  Dr.  George  Derby,  December,  1871. 

Volatile  matter  and  moisture        .        •    62.71% 

Ash 37.29 

100.00 

The  sample  contained :  — 

7.28%  of  phosphoric  acid, 

5.50    of  nitrogen,  and 

0.88    of  sand. 


XX.  Dried  Tankings  (slaughter-house  refuse),  as  produced  by  the 
drying  apparatus  aforesaid,  obtained  at  New  Haven,  December,  1871, 
by  Dr.  Geoige  Derby. 

Volatile  matter  and  moisture        .        .    89.95% 

Ash 10.05 

100.00 

Hie  sample  contained :  — 

2.56%  of  phosphoric  acid, 

7.25    of  nitrogen,  and 

4.02    of  sand. 


XXI.  Blood,  Bone,  and  Meat-Dust  Fertilizer,  from  Messrs.  North, 
Meriam,  &  Ck>.,  East  Cambridge,  obtain^  April,  1872. 

Moisture  and  volatile  matter  .    56.72% 

Ash 43.28 

100.00 

The  sample  contained :  — 

16.58%  of  phosphoric  acid,  and 

8.80    of  nitrogen. 

XXII.  Blood,  Bone,  and  Meat-Dust  Fertilizer,  from  Messrs.  North, 
Meriam,  &  Co.,  East  Cambridge,'  obtained  September,  1872. 

Moisture  and  volatile  matter        .        .     64.52% 

Ash 85.48 

100.00 

The  sample  contained :' — 

12.08%  of  phosphoric  acid, 

4.89    of  nitrogen. 
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PEATS. 

XXIII.   A.   Peat,  fipom  Thomas  Motley,  Esq.,  Bnssey  Farm. 

Moisture 15.24% 

Volatile  matter  (beside  moisture)     .        77.78 

Ash 6.98 

100.00 

The  sample  contained :  — 

1.20%  nitrogen. 

£.   Peat,  firom  Henry  Saltonstall,  Esq.,  Lynnfield. 

Moisture 12.50% 

Volatile  matter  (beside  moisture)      .        74.52 

Ash 12.98 

100.00 

The  sample  contained :  — 

0.16%  of  phosphoric  acid,  and 

1.66    of  nitrogen. 

C.  Mad,  firom  a  pond-hole,  ftx)m  Henry  Saltonstall,  Esq. 

Moisture 9.24% 

Volatile  matter  (beside  moistiire)     .        58.82 

Ash 36.94 

100.00 

The  sample  contained :  — 

0.85%  of  phosphoric  acid,  and 

IA7    of  nitrogen. 

D.  Peat,  from  Mr.  F.  H.  Appleton,  West  PeaJbody. 

The  sample  contained :  — 

1.28%  of  nitrogen. 


The  prices  chained  for  the  commercial  fertilizers  of  the  foregoing 
list  range  from  $  50  to  $60  per  ton  for  the  superphosphates,  and  from 
$  40  to  $  70  per  ton  for  the  dried  tankings  and  blood.  But  the  prob- 
able value  to  the  farmer  of  the  several  substances  may  be  calculated 
with  tolerable  accuracy,  as  will  appear  from  the  following  considera- 
tions. 

The  only  constituents  the  value  of  which  as  manure  it  is  worth 
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while  to  calculate  in  any  of  the  substances  analyzed,  are  phosphoric 
acid  and  nitrogen,  and  it  is  therefore  the  money  worth  of  these  two 
ingredients  which  is  to  be  estimated. 

In  the  spring  of  1872  insoluble  phosphoric  acid  could  be  bought  in 
Boston  at  five  cents  per  pound,  in  the  form  of  waste  bone-black.  The 
price  of  this  substance,  containing  thirty  per  cent  of  phosphoric  acid, 
as  stated  above  in  analysis  No.  XVL,  was  one  and  a  half  cents  per 
pound. 

Bone-ash  from  South  America  containing  seventy  per  cent  of  pure 
bone-phosphate  of  lime  is  sold  in  London  at  from  £6  15  <.  to  £  7  the 
long  ton,  equivalent  (1872  -  73)  to  about  $  32  in  our  money  per  ton  of 
2,000  pounds  containing  644  pounds  of  phosphoric  acid.  Since  it  is  fair 
to  suppose  that  bone-ash  could  be  imported  into  Boston  about  afl  cheaply  . 
as  it  can  be  carried  to  London,  it  may  be  assumed  that  the  pound  of 
insoluble  phosphoric  acid  can  be  had  in  this  form  also  for  five  cents. 

As  contained  in  bone-meal,  insoluble  phosphoric  acid  has  been 
valued  by  Professor  Johnson*  and  others  at  six  cents  per  pound. 
It  is  believed  by  many  chemists  that,  pound  for  pound,  the  phos- 
phoric acid  in  bone-meal  is  worth  more  to  the  farmer  than  that  in 
bone-aah  or  in  bone-blacL  However  that  may  be,  the  last  estimate 
(six  cents  per  pound)  has  the  advantage  of  being  more  generally  ap- 
plicable than  either  of  the  others.  Since  bone-meal  may  be  procured 
in  almost  any  locality,  a  valuation  of  phosphoric  acid  based  upon  the 
cost  of  this  material  will  manifestly  be  of  a  less  local  and  more  general 
character.than  the  eptimates  based  upon  bone-black  or  bone-c^h,  which 
are  to  be  had  at  cheap  rates  only  in  the  vicinity  of  sugar-refineries  or 
of  seaports. 

It  appears  then  that  insoluble  phosphoric  acid  may  be  reckoned  as 
worth  from  five  to  six  cents  per  pound. 

Sixteen  and  a  quarter  cents  per  pound  may  be  allowed  for  soluble 
phosphoric  acid,  this  being  the  valuation  adopted  by  Professor  John- 
son. It  is  a  liberal  allowance  in  view  of  the  strong  probability  that 
soluble  phosphoric  acid  can  be  imported  firom  Europe  at  a  lower  rate. 

Thirty  cents  per  pound  may  be  allowed  for  nitrogen  in  the  form  of 
ammonium  compounds  and  for  that  in  blood,  this  estimate  being  some- 
what higher  than  the  price  at  which  the  pound  of  active  nitrogen  can 
usually  be  bought  either  in  the  form  of  guano  or  of  nitrate  of  soda. 

*  Connecticat  Agricultaral  Reports  for  1870. 
VOL.  I.  8 
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Tweuty-fiy^  emit4  per  pound  may  be  allowed  f<»r  the  mtrogen  in 
tankings  apd  in  bone-iQ^     . 

Twenty  cents  per  pound  may  be  allowed  for  the  nitrogen  of  unknown 
quality  eonqefded  in  the  ^uperpboepbates.  Nitrogen  of  fair  quality 
cap,  in  ^ycty  be  bought  in  thi«  yicinity  for  much  less  money  than  this 
in  the  form  of  unground  fish-pomaee,  as  will  be  shown  directly. 

Calculating  from  these  data  the  appro3:imate  values  of  the  samples 
of  fertilizers  analyzed,  we  obtain  the  following  table : — 


If$>.ofl)Mninp>*. 

Cftlenlatttd  TalM  p«v  ten. 

P^  ohugBd  per  to^ 

I. 

$29   -30 

$55 

n. 

23   -26 

66 

m. 

84^-36^ 

50 

IV. 

About  44 

60 

V. 

41   -43 

60 

VI. 

3r  --3H 

60 

YH 

9 

About  44 

60 

vm. 

20^-22 

60 

TX. 

88i- 34  J 

60 

X. 

,39  -40 

•              60 

XL 

About  48 

50 

XII.  ^    ' 

60 

XIILV* 

40  -46 

60 

XIV,> 

60 

XV. 

89 

— T 

XVL 

80 

80 

XVIL 

6? 

7Q 

iLVIIl.t 

63 

,— 

XTX.t 

80 

— 

xx.t 

89 

— 

XXLt 

85^-39 

— 

XXTL 

36* -89 

40 

XXrV.    (SeebeyoBd.)         84-86  16 

The  estimates  of  the  value  of  the  pound  of  nitrogen  giv^i  above, 
an4  particularly  those  rdating  to  the  nitrogen  contained  in  tankings 

*  Qood  bone-meal  contalot  on  the  aTerage  22  per  cent  of  phospboric  add  and 
8.8  per  cent  of  nitrogen.  Hence  the  value  of  the  samples  analyzed  may  be  taken  at 
fix>m  $ 40  to  $45,  as  above. 

t  The  samples  nuu>ked  with  a  dagger  were  experimental  products.  Thej  were 
not  for  sale. 
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and  in  bone-meal,  and  to  that  of  **  unknown  quaHty,''  at6  probably 
much  too  high  for  regions  like  New  England^  where  abtindant  stores 
of  nitrogen  in  the  form  of  peat  and  pond-mud  ar^  acoesBible  to  most 
fiurmers,  and  o»n  easily  be  made  <* active"  atid  available  as  plant-food 
l^  fermeutation  in  the  compest-heap.^ 

As  t^ards  the  nitrogen  in  the  Sup^hosphates  tf^yzed,  It  is 

'doubtless  to  be  referred  in  most  instances  t6  an  admixture  of  rough 

'*  fish-scrap/' otherwise  called  ^fish-pomibce/'  or  ••pogy-chtun,*' which 

is  the  residue  foft  aft^  the  expression  of  oil  from  the  boiled  flesh  of 

the  fish  (Ahta  menhaden)  known  as  pogy,  menhaden,  or  haiHlhead. 

For  several  years  past  this  material,  brought^  vit  bulk  ^m  the  Stat^ 
of  Maine,  has  been  prooured  by  farmers  in  the  vicinity  of  Boston  at 
the  rate  of  $  15  per  ton.  A  sample  of  this  product  obtained  from  Mr. 
Wilham  L.  Bradley  of  Boston  vms  foulid  to  oomtain :  ->-^ 

XXIV.      Moisture ZM^% 

Volatile  matter  (beside  moisture)     •        •    *    61.37 

Ash 14.9^ 

"106.00 

Of  matters  valuable  as  manure^  the  speoime&  oontaiaed :  — 

Phosphoric  acid       ••••••        AM 

Total  nitrogen,  6.4«  -  \  ^^^^  1-W%.  5-  ei  tiiti^tt    .        .       1.62% 

i  nitrogea  not  in  form  of  ammonia^    4       •  4.90 

—  6.42% 
There  was  sand,  Sec,  \6  Che  amount  of  one  per  cent. 

In  a  ton  of  such  fii^Hscrap  there  would  be  112  pounds  of  phosphoric 
acid,  Wiurth  fr<»n  $  5.60  to  $  6.72,  according  as  the  lower  or  the  higher 
estimate  of  the  cost  per  pound  of  insoluble  phosphoric  acid  were 
adopted ;  and  30.4  pounds  of  nitrogen  in  the  form  of  ammonia  worth 
$9  on  the  estimate  (thirty  ceiits  per  pound)  above  ^ven.  Hence  the 
ninety-eight  pounds  of  nitrogen' not  in  the  form  of  ammonia  contained 
in  a  ton  of  fishnMsrap  would  cost  t^  putohasei^  either  forty  cents  or 
less  than!  nothing,  according  as  one  <a  the  other  valuation  ci  the  |^os« 
phorio  acid  were  adopted. 

In  spite  of  the  apparent  absurdity  thus  shown  of  the  high  eeUmate 
(twenty  cents  per  pound)  given  above  for  the  pound  of  nitrogen  of 
unknown  quality,  and  of  my  conviction  that  the  addition  of  rough 
nitrogeuized  materials  to  superphosphates  at  the  manufactory  is  a^ 
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practice  greatlj  to  be  deprecated,  I  have  preferred  to  retain  this 
figure  in  order  to  avoid  the  semblance  of  unfiBumess  to  any  maniifito- 
turer,  and  in  deference  to  the  estimates  previously  published  by 
chemists.  It  is  possible,  of  course,  that  the  nitrogenous  materials  in 
the  superphosphates  analyzed  may  not  have  been  derived  from  fish- 
scrap^  but  from  bone  or  frt>m  flesh  or  frt>m  tankings;  and  it  may 
be  that  the  nitrogen  in  these  materials  is  more  active  as  a  fertiliser 
than  that  in  fish-scrap.  Moreover,  the  price  ($15  per  ton)  at  which 
fish-scrap  is  obtainable  upon  the  searboard  of  New  England  is  probably 
much  lower  than  it  would  be  in  the  interior.  Where  waterKsarriage 
is  not  to  be  had,  the  cost  of  transporting  this  rather  offensive  sub- 
stance would  doubtless  be  comparatively  high. 

Both  the  analyses  and  the  tabular  estimates  above  given  accord 
closely  with  the  experience  of  other  chemists,  notably  with  that  of 
Professor  S.  W.  Johnson  of  New  Haven,  who  has  analyzed  a  large 
number  of  fertilizers  during  the  last  ten  or  twelve  years  at  the  insti- 
gation of  the  State  Agricultural  Society  of  Connecticut.*  They  differ, 
on  the  other  hand,  to  a  certain  extent,  frt>m  the  statements  of  various 
manufacturers  of  superphosphates  and  of  their  agents  and  analysts, 
who  allow  a  certain  value  per  pound  intermediate  between  $  0.06  (the 
value  of  insoluble  phosphoric  acid)  and  $0.1625  (the  value  of  soluble 
phosphoric  acid),  for  whatever  amount  of  phosphoric  acid  in  the  condi- 
tion of  the  so-called  reduced  phosphate  (2  CaO,  H/),  P/)i)  a  sample  of 
superphosphate  may  contain.  In  &vor  of  such  allowance  it  is  urged  that 
the  "  reduced  phosphate,"  though  scarcely  at  all  soluble  in  cold  water, 
is  nevertheless  a  little  soluble  in  that  liquid  and  more  soluble  in  the 
acid  and  saline  liquids  of  the  soil  than  the  original  rock  phosphate 
frt>m  which  the  superphosphate  has  been  prepared. 

I  deem  the  practice  of  making  such  allowance  wrong,  for  the  reason 
that  the  purpose  of  a  superphosphate  is  to  supply  $oluble  phosphoric 
add  to  the  land.  From  what  is  known  of  the  manner  in  which  the 
soluble  phosphoric  acid  of  a  superphosphate  is  distributed  and  decom- 
posed in  the  soil,  it  seems  plain  that  this  substance  had  much  better 
be  applied  by  itself  without  any  admixture  of  phosphates  which  are 

*  See  the  Connecticat  Agricultural  Beports  for  1858, 1869,  and  1870.  Compare 
the  work  entitled  "  American  llanores/'  by  W.  H.  Bruckner  and  J.  B.  Chynoweth. 
Philadelphia.    1872. 
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ditecultlj  soluble.  In  this  yicinity  we  are  not  justified  in,  allowing 
more  than  the  price  of  an  equivalent  weight  of  spent  bone-black  for 
any  insoluble  or  difficultly  soluble  phosphoric  acid  with  which  a  super- 
phosphate may  be  contaminated. 

In  case  the  proportion  of  soluble  phosphoric  acid  in  a  superphos- 
phate, as  indicated  by  analysis,  is  very  small,  the  intelligent  farmer 
*  will  reject  that  material  altogether,  since  it  does  not  contain  the  chem- 
ical agCKit  he  seeks. 

On  the  other  hand,  when  the  proportion  of  insoluble  phosphoric 
acid  in  a  superphosphate  is  small,  it  seems  but  justice  to  allow  the 
manufacturer  something  for  the  benefit  land  may  receiye  from  the 
addition  to  it  of  a  *'  durable "  fertilizer,  such  as  insoluble  phosphate 
of  lime  (from  whatever  source)  is  known  to  be. 

It  will  probably  be  found  in  most  cases  in  which  impure  superphos- 
phates are  employed  as  manure,  that  the  practical  benefit  derivable 
.fr<Hn  the  mixture  of  reduced,  and  undecomposed  4>hosphates,  which 
contains  the  '^insoluble  phosphoric  acid  "  of  the  fertilizer  in  question, 
may  be  veiy  fairly  represented  by  an  amount  of  spent  bone-black  con- 
tiuning  that  much  phosj^oric  acid. 

It  might  seem  at  first  sight  that  the  experience  of  farmers  as  to  the 
value  of  most  American  superphosphates  must  be  similar  to  that  of 
the  chemists,  and  equally  conclusive  to  the  minds  of  the  farmers ;  but 
for  obvions  reasons  this  is  not  the  case.  Few,  if  any,  superphosphates 
are  wholly  worthless ;  most  of  them  do  produce  a  certain  beneficial 
effect  when  applied  to  moderately  good  land ;  thus  the  purchaser  of  a 
samj^e  said  to  be  similar  to  No.  X.  of  the  foregoing  list  obtained  re- 
sults frt>m  using  it  in  his  garden  which  seemed  to  him  highly  favor- 
able ;  the  only  trouble  is  that  the  benefit  obtained  is  incommensurate 
with  the  money  paid  out.  The  farmer,  in  order  to  come  to  a  definite 
decision  upon  a  point  like  this,  would  have  to  make  careful  compara- 
tive experiments  such  as  he  seldom  has  time  to  attend  to ;  and  the 
common  result  seems  to  be  that  by  repeated  trials  of  various  fertilizers, 
each  as  worthless  as  the  others,  he  piracticaUy  becomes  habituated  to 
the  use  of  materials  which  he  has  no  good  reason  to  esteem. 

At  all  events,  the  continued  sale,  year  after  year,  of  enormous  quan- 
tities of  tety  poor  materials  shows  conclusively  that  there  must  be 
hosts  of  farmers  who  are  still  unconscious  that  their  money  could  be 
spent  to  better  purpose.     It  is  by  analysis  alone  that  the  disreputable 
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character  of  the  American  superphoflphAtee  and  the  enoraioiur  differ- 
encee,  in  respect  to  price  and  worth,  which  exist  between  them  and 
thcNse  ordinarily  sold  in  Europe,  can  be  made  manifest  with  oonchi* 
siveness  and  precision ;  but  it  would  be  sddom  worth  while  for  any 
single  £Eirmer  to  go  to  the  expense  of  having  analyses  made  of  the 
fertilisers  in  his  market,  and  practically  it  does  not  seem  to  do  much 
good  to  publish  lists  of  analyses  like  the  one  presented  herewith. 

It  is  said  to  be  a  matter  of  common  experience  that  when  a  fertilixor 
has  once  been  publicly  commended  in  this  country  by  a  responsible 
chemist,  its  quality  is  apt  to  undeigo  a  rapid  depreciation.  On  the 
other  hand,  the  vendors  of  manures  which  have  been  pxmounoed  bad 
take  small  pains  to  improve  the  quality  of  their  goods,  but  protest  that 
their  processes  of  manufacture  have  been  perfected,  and  that  the  ma- 
terial now  sold  is  exceUent. 

Moreover^  in  view  of  the  midtitude  of  analyses  which  have  now 
been  made  by  chemists, — at  great  cost  of  skilled  kbor,  —  it  would 
seem  as  if  the  time  had  come  fer  striking  at  the  root  of  the  matter, 
in  short,  for  taking  some  definite  action,  by  which  to  amend  the  ex- 
isting system  of  making  and  selling  manures  in  this  country. 

The  subject  is'  really  one  of  veiy  gnwe  and  general  importance, 
both  from  the  scientific  and  the  political  point  of  view.  So  fer  as  the 
actual  money  loss  to  the  fiBtrmers  is  concerned,  it  may  be  accounted  a 
light,  or  at  all  events  a  comparatively  unimportant,  misfortune  that 
they  should  pay  out  unwisely  some  hundreds  of  thousands  of  dollars 
every  year  to  the  dealers  in  manures ;  but  it  is  a  very  serious  matter 
that  the  farmers  are  by  this  very  fact  of  injudicious  purchase  made 
to  persist  in  their  ignorance,  and  are  prejudiced  more  and  more  stron^y 
every  year  against  those  sources  of  knowledge  which  woiild  not  only 
protect  them  from  this  particular  form  of  loss,  but  also  must  be  the 
principal  means  of  agricultural  improvement.  There  can  be  no  ques- 
tion but  that  the  low  quality  of  the  commercial  fertilizers  now  com- 
monly sold  in  our  markets  exerts  a  most  pernicious  influence  upoii 
the  growth  of  all  American  schools  of  agriculture,  and  obstructs  agri- 
cultural progress  throughout  the  land.  It  is  idle  to  expect  farmers  to 
lend  a  ready  ear  to  the  teachings  of  Science  so  long  as  they  continue 
to  suffer  in  her  name,  as  they  do  now  every  time  they  pay  an  imdue 
price  for  a  fertilizer  said  to  have  been  prepared  in  accordance  with 
chemical  theory.    The 'experience  of  the  European  schools  of  agricul- 


BUtLETni  OF  THE  BUBSIT  IKSTmiTION.  2S 

ture  shows  conelusiTelj  that  there  is  no  one  thing  which  tends  more 
Bbnmgjj  to  excite  an  interest  in  the  sciences  bearing  upon  agricultore^ 
amoi^  the  farmers  of  a  district,  than  the  introduction  into  its  markets 
oi  realljr  good  fertilizing  materials. 

There  would  seem  to  be  a  simple  method  of  overcoming  the 
present  difficulty,  namely,  by  procuring  importations  irom  Europe  of 
guaranteed  fertilizers  of  good  quality  and  encouraging  the  sale  of  such 
fertilizers  in  small  packages,  as  well  aa  by  the  usual  large  quantities. 
K  a  powerful  society  were  to  engage  In  this  work,  it  would  probably 
be.  leaeiy  to  force  up  the  standard  of  the  American  manufacturers  to 
the  proper  d^reot  and  to  introduce  the  system  of  selling  by  war- 
ranty. 

The  usual  Qerman  standards  for  superphosphates  are  ten,'  Bfteen, 
and  twenty  per  cent  of  8(^ble  phosphoric  acid,  according  as  the 
superphosphate  has  been  made  from  a  mineral  product,  from  bone- 
black,  or  from  a  phosphatic  guano.  As  to  the  price  of  such  materials, 
I  can  only  say  that  I  .wrote  in  the  spring  of  1871  to  Dr.  L.  C.  Mar- 
quart,  of  Bonn,  a  responsible  chemical  manufacturer  with  whom  I  have 
bad  frequent  dealings,  asking  the  terms  upon  which  he  could  delivei^ 
superphosphate  alon^ude  ship  at  Botterdanu  He  replied  in  these 
words: — 

^  With  regard  to  superphosphate  of  lime,  I  have  corresponded  with  the 
most  respectable  houses  of  that  branch,  and  am  able  to  offer  you  as  fol- 
lows :  -Soperphosphate  containing. 

10%  of  soluble  phoBphorie  add*;  at  5  «» 4  d  per  ewt  (English.) 

20       .     <«  ««  «*     "  10 ».  6  rf.      «  « 

Free  at  Rotterdam,  packages  included,  ag^unst  short  remittance  on  London. 

If  you  wish  to  get  a  merchandise  of  more  or  less  per  cent,  the  price  will  be  in 

proportion.    The  contents  of  not  soluble  phosphoric  acid  which  is  existing  in 

the  superphosphate  of  lime  will  not  be  taken  into  consideration ;  the  soluble 

acid,  however,  will  be  warranted. 

•*  Very  troly  yovrs, 

«L.  C.  Mabquart." 

I  may  here  mention  an  observation  of  some  interest  that  may  per- 
haps serve  to  place  the  subject  of  artificial  manures  in  a  new  light, 
and  to  illustrate  one  at  least  of  their  merits.    * 
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In  December,  1871, 1  noticed  one  day  in  the  ''potting-house**  of 
the  horticultural  department  a  small  heap  of  dung  that  had  just  been 
brought  in  from  some  hen-rooet  This  dung  was  firmly  frozen,  so  that 
its  several  particles  were  as  hard  and  as  little  coherent  as  graveL  Two 
or  three  days  later  I  happened  to  see  the  same  heap  again,  and  found 
it  alive  with  maggots. 

A  quantity  of  the  dung,  together  with  its  inhabitants,  was  imme- 
diately sent  to  Mr.  F.  G.  Sanborn,  the  entomologist,  who  replied'  in 
the  following  terms  :  — 

BosTOH,  HA88.,  December  10, 1871. 
Mt  dear  Sib,  —  I  have  given  a  close  examination  to  the  larva  you  sent 
me  a  day  or  two  since.  I  find  them  to  be  the  young,  or  ^maggot,"  of  a  spe- 
cies of  Ay  closely  allied  to  the  common  **  house  fly,"  but  perhaps  beiongiDg  to 
the  genus  ArUhomgia,  —  a  set  of  flies  which  hover  about  flowen  when  winged, 
but  which  feed  in  the  larva-form  on  decajring  matter  in  generaL  To  this 
genus  belong  the  **  Onion  maggot "  so  destructive  in  some  sections,  and  a 
great  variety  of  species  more  or  less  injurious  to  agriculture.  The  eggs  laid 
by  the  parent  fly  in  early  autumn  were  probably  hatched  by  the  increase  of 
temperature  some  months  earlier  than  usuaL  I  shall  endeavor  to  rear  the 
creatures  to  their  perfect  condition,  when  I  can  report  still  more  certainly. 
You  are  doubtless  aware  that  the  difficulty  of  identifying  species  fix>m  the 
larvcB  alone  is  very  great,  so  few  even  of  our  commoner  fimns  have  been 

conscientiously  reared. 

Very  truly  yours, 

Francis  G.  Sanborn. 
Profbssob  F.  H.  Stobbb,  Buss^  Ifutitittion, 

Mr.  Sanborn  has  since  assured  me,  by  word  of  mouth,  that  he  suo- 
ceeded  in  rearing  perfect  flies  frt>m  the  larves  in  question,  and  that  his 
suspicion  as  to  their  injurious  character  was  confirmed. 

He  will  undoubtedly  publish  the  results  of  his  investigation  in  due 
season.  I  allude  to  the  matter  merely  beoause  of  its  manifest  bearing 
upon  the  use  of  those  artificial  fertilizers  which  must  necessarily,  from 
the  manner  of  their  preparation,  be  fr'ee  from  the  ^ggs  of  insects. 

It  is  a  matter  of  the  commonest  observation  that  the  richer  kinds 
of  dung,  such  as  that  of  man  and  of  the  hog,  are  liable  to  be  fly- 
blown ;  but  it  seems  to  be  less  generally  understood  that  the  dungs 
in  question  may  and  do  actually  serve  as  hot-beds  and  nurseries  for 
the  production  of  insects  which  are  to  be  classed  among  the  worst 
enemies  of  growing  ch>ps. 
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No.  2.  —  A  Record  of  Results  obtained  on  anxxlyzing  several 
Samples  of  American  "Shorts"  and  "Middlings"  with  Remarks 
on  the  Average  Composition  of  Bran*  by  F.  H.  Stoeeb,  Professor 
of  Agricultural  Chemistry. 

The  refuse  husk  or  skin  of  the  grain  left  when  wheat  is  ground  and 
sifted  to  flour  has  often  been  commended  as  food  for  cattle,  and  is,  in 
fsucty  very  extensively  used  for  that  purpose,  in  spite  of  some  miscon- 
ceptions and  prejudices  which  still  survive.  In  the  American  markets 
this  so-called  refuse  product  now  holds  a  place  as  well  assured  as  that 
of  either  of  the  grains.  £normous  quantities  of  it  are  distributed  every 
day  to  all  parts  of  the  coimtry.  I  have  .thought  it  worth  the  while  to 
have  analyses  made  of  a  number  of  samples  of  the  different  forms  of 
bran,  taken  from  various  localities,  in  order  to  determine  whether  any 
noteworthy  diversities  of  composition  could  be  detected  in  the  prod- 
ucts of  different  regions,  and  also  for  the  sake  of  contrasting  the  aver- 
age composition  of  bran  with  that  of  the  other  kinds  of  fodder  with 
which  it  is  likely  to  come  into  competition. 

In  order  to  a  clear  understanding  of  the  subject,  the  meaning  of 
the- terms  "shorts,"  "feed,"  and  "middlings"  had  better  be  first  de- 
fined as  well  as  may  be.  In  point  of  fact,  neither  of  the  terms  seems 
to  have  any  very  precise  signification.  At  all  events,  they  are  used 
somewhat  loosely  in  this  vicinity. 

Feed  seems  to  be  a  generic  name  which  may  include  any  wheat 
product  separated  from  flour  by  the  bolting  or  sifting  processes  of  the 
miller.  It^  is,  however,  sometimes  used  synonymously  with  fine-feed^ 
which  term  is  generally  restricted  in  Boston  to  a  special  kind  of  feed 
of  homogeneous  meal-like  character,  finer  than  shorts  and  coarser  than 
middlingB. 

Shorts  is  the  coarser  part  of  the  refuse  separated  from  wheat  in  the 
process  of  making  flour.  The  term  "  shorts,"  as  used  in  this  vicinity, 
seems  indeed  to  be  absolutely  synonymous  with  "  bran,"  as  used  in 
English  lit^iuture  and  the  language  of  every-day  life.  In  this  paper 
I  regard  the  English  bran,  American  shortS)  French  aon,  and  German 
Xlete  as  synonymous. 

*  This  article  was  presented  to  the  trustees  of  the  Massachusetts  Society  for  Pro- 
moting Agriculture,  in  January,  1873.   . 
voi«  I.  4 
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Middlmgi  is  a  meal-like  product,  much  finer  than  shorts  and  much 
coarser  than  flour ;  it  may  he  described  as  standing  midway  between 
the  two,  as  its. name  imports. 

The  term  mill-stuff  is  applied  in  Boston  to  a  mixture  of  shorts  and 
middlings  which  includes  everything  not  flour  which  has  been  sepa- 
rated from  wheat  at  the  mills  of  that  city.  In  Chicago  the  same 
product  is  called  mill-feed. 

Shtp-stmff^  seems  to  be  a  Southern  term,  analogous  to,  if  not  iden- 
tical with,  the  Northern  mill-stuff.  The  sample  of  ship-stuff  examined 
in  this  laboratory  was  manifestly  a  mixture  of  shorts  and  middlings 
in  some  unknown  proportions.  It  was  much  finer  than  shorts,  though 
coarser  than  middlings.  Particles  of  shorts  could  be  seen  interspersed 
through  it. 

It  is  noteworthy  that  the  use  of  the  terms  "  shorts"  and  "feed*'  seems 
to  be  essentially  American.  The  words  are  at  all  events  sufficiently 
unlike  the  English  terms  "bran,"  "sharps,**  "boxings,"  and  "pollard," 
which,  with  the  exception  of  the  first,  are  perhaps  never  used  in  the 
United  States.  It  might  have  bedn  supposed  that  the  term  "  shorts  " 
originated  in  Pennsylvania  or  New  York  by  translation  from  the  €rer- 
man  Kurzkleie,  or  the  Dutch  Korty  were  it  not  for  the  fact  that  the 
English  archaeologist,  Halliwell,  in  his  "  Dictionary  of  Archaic  and  Pro- 
vincial Words,"  defines  the  word  "  shorts  '*  as  follows :  "  Coarse  flour  : 
The  term  is  also  applied  to  the  refuse  of  com  [i.  e.  wheat  or  other  small 
grain]  in  various  dialects."  It  is  to  be  remarked,  moreover,  that 
neither  the  Grerman  nor  the  Dutch  word  given  above  is  the  precise 
equivalent  of  the  English  word  "bran.'*  The  term  "middlings**  is  used 
by  London  millers  as  well  as  in  this  country,  though  apparently  in  a 
somewhat  different  sense. 

I  am  indebted  to  Mr.  Elijah  H.  Luke,  grain-dealer  of  Cambridgeport, 
for  the  samples  analyzed,  and  to  that  gentleman,  as  well  as  to  other 
members  of  the  trade,  for  information  concerning  the  subject  The 
samples  were  obtained  and  analyzed  in  the  autumn  of  1872. 

The  object  of  the  analyses  being  merely  to  determine  the  foddering 
value  of  the  substances  examined,  I  have  resorted  to  the  processes 
ordinarily  employed  to  that  end,  as  set  forth  by  Professor  Henneberg, 
in  Die  landwirthscltafllichen  Versuchs-Stationen,  1864,  6,  496.  I 
have  endeavored  in  this  way  to  obtain  results  conipai-able  with  those 
which  have  been  obtained  by  chemist^  who  have  aualyzed  other  kinds 
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of  fodder.     See,  for  example,  Wolff's  table  of  the  average  composition 
of  fodder. in  Johnson's  "  How  Crops  Grow,"  New  York,  1868,  p.  385. 

The  following  table  shows  the  composition  of  the  substances  exam- 
ined in  the  Bussey  Laboratory.  They  were  all  commercial  products 
derived  from  wheat  grown  in  1872. 

Ifoui  of  the 
fit  Louis  nilndf  HkUgui  three  kindc 

Shorts.  Shorts.  Shorts.  of  Shorts. 

Water    .        .        .        .        .  12  2«  10.96  11.77  11.65 

Ash  (free  from  C  and  CO,)  iM  4.24  4.06  4.28 

Albominoids  ....  12.06  11.18  12.75  11.98 
Carbohydrates  (including  &t), 

by  difference    .        .        .  64.06  66.38  60.95  68.80 

Cellulose  (free  from  ash)     .  7.12  7.29  10.47  8.29 

100.00  100.00  100.00  100.00 

Dry  oiganic  matter        .        .    88.24  84.80  84.18  84.07 

Fat 4.01  4.06  4.65  4.24 

Nitrogen        ....       1.98  1.78  2.04  1.92 

Mesa  of  the 
St.  Louis  minols  two  kinds  ot 

Middlings.  Middlings.  Middlings. 

Water 12.08  18.80  '     12.69 

Ash        ...'..        •  1^7  2.71  2.14 

Albnnunoids 11.06  10.18  10.60 

Carbohydrates  (including  fkt),  by  dif- 
ference          71.72  68.51  70.11 

Cellulose  (free  from  ash)        .        .  8.57  5.85  4.46 

100.00  100.00  100.00 

Dry  organic  matter    ....    86.85  88.99  85.17 

Fat 2.51  8.71  8.11 

Nitrogen    .        .        .        .        .        .       1.77  1.62  1.70 

St.  Louis  MMuoftheMiddlinffi 

Ship-Staff.  ud  Ship-Staff. 

Water 11.81  12.25 

Ash   ........        .  2.25  2.20 

Albominoids 11.12  10.86 

Carbohydrates  (inchiding  &t)    .        .        .  69.28  69.67 

Cellulose  (free  from  ash)       ....  5.59  *    5.02 

100.00 .  100.00 

Dry  organic  matter 85.94  85.56 

Fat 2.77  2.94 

Nitrogen 1.78  1.74 
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In  explanation  of  these  analyses  it  may  be  said  that  the  term 
"albuminoids"  includes  gluten,  albumen,  casein,  etc,  L'e.  all  the 
nitrogeuized,  flesh-forming,  or  so-called  plastic  elements  of  nutrition 
contained  in  the  substances  examined.  . 

"  Carbohydrates ''  includes,  besides  fat,  starch,  dextrin,  sugar  (if  any 
there  be),  and  the  more  tender  and  easily  decomposable  portion  of  the 
woody  fibre.  The  term,  therefore,  represents  a  class  of  substances 
which  go  to  nourish  the  animal  in  one  and  the  same  way,  and  which, 
excepting  fat,  are  generally  supposed  to  be  of  equal  or  yery  nearly 
equal  values  for  that  purpose.  "  Fat "  is  given  by  itself  in  a  separate 
line  because  of  its  acknowledged  superiority  to  the  other  carbohy- 
drates  as  an  article  of  food.  It  is  to  be  remarked  that  the  fat  of  bran, 
as  dissolved  out  by  ether,  is  remarkably  pure  and  of  firm  consistence. 
It  will  be  noticed  that  the  analyses  illustrate  the  fact  observed  long 
ago  by  chemists  that  there  is  much  more  fat  in  coarse  than  in  fine 
bran.  Thus  I  find,  on  the  average,  four  and  a  quarter  per  cent  ,of  fat 
in  American  shorts,  and  less  than  three  per  cent.  On  the  average,  in 
the  middlings  and  ship-stufif.  Dumas,  Boussingault,  and  Payen  (An- 
tuUe$  de  chimie  et  de  physique^  1843,  8,  pp.  86,  87)  found  :  — 

In  wheat  flour      ....    1.40%  of  &t 
In  fine  bran      ....         4.80      " 
In  coarse  bran      ....    5.20      ^ 

The  observations  of  Johnston,  in  his  "  Lectures  on  the  Applications 
of  Chemistry  to  Agriculture,"  New  York,  p.  530,  are  analogous.  He 
found  the  '*  pollard  "  of  wheat  to  yield  more  than  twice  as  much  oil 
as  the  fine  flour  obtained  from  the  same  sample  of  grain,  and  in  four 
portions  separated  by  the  miller  from  a  superior  sample  of  wheat 
grown  at  Durham  he  found  {loc,  cU»^  pp.  530,  601)  the  following 
amounts  of  fat :  — 

In  the  fine  floor 1.5 

"   *«  pollard 2.4 

«    «  boxuigs.        .        .        .        .        .  8.6 

"    "   bran .  .        .        .        .  8.8 

I  do  not  know  in  what  proportions  shorts,  fine-feed,  and  middlings 
are  produced  in  the  mills  of  this  country.  So  far  as  relates  to  the 
proportion  of  flour  (of  first  quality)  to  feed,  the  current  statement  is 
that  five  bushels  or  three  hundred  poimds  of  wheat  yield  one  barrel  or 
one  hundred  and  ninety-six  pounds  of  flour.     The  loss  through  evapo- 
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ration  as  the  grain  is  heated  between  the  mill-etonee  amounta  on  the 
average  to' two  pounds  for  each  bushel  of  wheat,  and  there  is  left  alto- 
gether ninety-four  pounds  of  shorts,  fine-feed,  and  middlings  as  the 
refuse  of  the  three  hundred  pounds  of  wheat  Stated  in  terms  of 
per  cent,  this  result  will  read  as  follows :  — 

Flour 65J)4 

Feed 81.88 

L0B8 8.38  • 

100^ 

Liebig,  in  his  ChemMche  Brvrfe^  4**  Aufl.,  1859,  2,  169,  says  that 
the  best  mills  yield  from  twelve  to  twenty  per  cent  of  bran  (ten  parts 
of  coarse  bran,  seven  parts  of  fine  bran,  and  three  parts  of  bran  meal), 
and  ordinary  mills  as  mudi  as  twenty-five  per  cent  According. to 
Knapp  (as  cited  by  v.  Bibra),  one  hundred  pounds  of  wheat  ground 
in  an  old-fashioned  mill  yields  :  — 

Floor 55  lbs. 

Middlings 18 

Fme-feed 9 

Bran 18 

—  100 

While  one  hundred  pounds  of  wheat  ground  in  a  modem  mill  near 
Paris  yields :  — 

Floor  of  various  g^es      .        .        •  78  lbs. 

Middliogs 10 

Fioe-feed 8 

Bran 7 

L088  and  waste 2 

—  100 

Professor  Johnston  (on  p.  498  of  his  book  cited  above)  makes  the 
'  following  statement.     Three  lots  of  good  English  wheat  ground  at 
Durham  gave  per  cent  respectively  :  — 

Floe  floor  .        .     74.2  75.1  77.9 

Boxings.  9.0  8.3  6.1 

Sharps  .        .      5.8  6.6  5.6 

Bran       .  .  .       7.8  7.0  6.9 

Waste  .               8.2  3.0  8.5 

100.00  100.00  100.00 
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For  a  tabular  statement  of  observations  on  the  amount  of  flour  ob- 
tained from  wheat,  as  recorded  by  dififerent  authorities,  see  Lawes  and 
Gilbert's  pamphlet  "  On  some  Points  in  the  Composition  of  Wheat- 
Grain,  its  Products  in  the  Mill,  and  Bread,"  London,  1857,  p.  42. 

From  the  analyses  of  Ftirstenberg  {Journal  fur  praktisehe  ChemU, 
1844,  81,  195),  of  Poggiale  (Comptes-Rendus,  1853,  87,  174),  Oude- 
mans  {Mulder^s  ScheUcundige  Verhanddingeriy  as  cited  below),  and  von 
Bibra  (in  his  Die  Cfetreide  Arten  und  das  Brod,  Nilmberg,  1861, 
p.  217),  it  appears  that  the  carbohydrates  in  bran  include  from 
twenty-two  to  twenty-nine  per  cent  of  starch,  and  from  five  and  a 
half  to  eight  and  a  half  per  cent  of  dextrin.  The  proportion  of  sugar 
in  bran  appears  to  be  very  smalL  Millon  {Annates  de  chimte  et  de 
physiqney  1849,  26,  34)  sayq  there  is  not  more  than  two  per  cent  of 
sugar,  and  Poggiale  says  1.91  per  cent.  FUrstenberg  declares  that  he 
could  detect  no  sugar  in  wheat  bran  of  excellent  quality,  and  reports 
that  investigations  made  in  Mitscherlich's  laboratory  led  to  negative 
results  like  his  own.  Oudemans  doesi  not  admit  its  presence,  but  y. 
Bibra  reports  four  and  one  third  per  cent  of  sugar. 

For  the  sake  of  comparison  I  have  collected  and  tabulated  upon  the 
opposite  page  a  number  of  analyses  of  European  brans,  made  by  va- 
rious chemists. 

These  foreign  analyses  seem  to  have  been  made  by  processes  similar 
to  those  employed  in  this  laboratory,  excepting^  in  some  points  of  de- 
tail Thus,  with  the  exception  of  analyses  Nos.  IV.,  IX.,  and  XIII.,  the 
item  "  ash  "  probably  refers  in  all  cases,  as  it  certainly  does  in  most, 
to  '^  crude  ashes ''  contaminated  with  particles  9f  carbon,  such  as  is 
usuaUy  left  when  a  vegetable  substance  rich  in  phosphates  is  ignited. 
In  the  American  shorts  the  mean  percentage  of  such  prude  ash,  ob- 
tained after  careful  and  long-continued  ignition,  was  5.23.  The 
amount  of  carbonic  acid  in  this  crude  ash  was  always  exceedingly 
small.     Sometimes  the  amount  was  hardly  appreciable. 

The  item  "cellulose"  evidently  refers  to  cellulose  contaminated 
with  a  certain  amount  of  inorganic  material.  This  remark  is  true,  not 
only  of  analysis  No.  IV.,  as  appears  from  Bahr  and  Wolff's  description 
of  their  process,  but  probably  of  all  the  other  analyses.  In  the  deter- 
minations of  Millon,  who  iised  chlorhydric  acid  for  estimating  cellu- 
lose, and  in  those  of  Peligot,  who  used  sulphuric  acid  of  some  consid- 
erable strength,  the  proportion  of  ash  left  in  the  cellulose  may  have 
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been  smaller  than  in  the  other  cases,  bat  in  every  instance  some  ash 
seems  to  have  been  counted  as  cellulose.  Now,  the  average  amount 
of  ash  in  the  crude  cellulose  of  American  shorts  was  found  to  be  equal 
to  0.33  per  cent  of  the  weight  of  the  original  bran;  and  if  we 
deduct  this  quantity  from  the  mean  (9.00)  of  the  fourteen  foreign 
determinations  of  cellulose  (excluding  No.  IV.,  which  is  exceptionally 
high),  we  obtain  the  number  8.67,  which  agrees  very  well  with  that 
(8.29)  found  for  the  American  shorts. 

As  regards  "  albuminoids,"  it  is  not  easy  to  obtain  a  mean  which 
shall  accord  closely  with  all  the  analyses.  It  would  almost  seem  as 
if  there  were  two  classes  of  bran,  distinguishable  by  the  different 
amoimts  of  albuminoids  contained  in  them.  Thus,  the  analyses  11. 
to  VI I.  show  from  twelve  and  a  half  to  neariy  fifteen  per  cent  of  albu- 
minoids, in  the  mean  13.44,  while  the  analyses  VIII.  to  XII.  show 
from  seventeen  and  oi\e  third  to  nearly  twenty-one  per  cent  The 
number  13.44,  which  accords  well  enough  with  the  mean  percentage 
of  albuminoids  found  in  the  American  shorts,  undoubtedly  represents 
very  nearly  the  average  propoi-tion  of  these  substances  contained  in 
commercial  bran.  I  believe  the  higher  numbers  to  be  either  excep- 
tional or  unreliable.  Since  American  bran  is  probably,  as  a  general 
rule,  less  thoroughly  freed  from  flour  than  European  bran,  it  is  not 
surprising  that  it  should  contain  a  somewhat  smaller  proportion  of 
albuminoids. 

Some  explanation  of  Wicke's  analysis  may  perhaps  have  been  given 
in  his  original  paper,  but  I  am  unable  to  refer  to  the  journal  which 
contains  it.  The  analyses  of  Johnston  are  old,  and  although  his  de- 
terminations of  water  and  fot  are  undoubtedly  very  near  the  truth,  it 
is  not  at  all  improbable  that  those  of  albuminoids  and  ash  were  made 
by  untrustworthy  processes.  The  analysis  of  Dumas  and  Boussin- 
gault  is  likewise  old,  and  it  is  not  unlikely  that  the  bran  examined 
by  these  chemists  was  of  exceptional  character,  as  the  large  propor- 
tion of  fat  found  in  it  would  tend  to  show.  It  may  be,  too,  that  their 
process  of  analysis  was  faulty. 

The  determinations  of  FrapoUi  and  of  v.  Bibra  seem,  on  the  other 
hand,  to  have  been  made  with  care  and  by  approved  processe&  It  is 
probable,  however,  that  their  brans  were  really  of  exceptional  charac- 
ter, since  it  is  to  be  inferred  from  their  statements  that  the  materials 
analyzed  were  prepared  expressly  for  that  purpose.     It  would  not  be 
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surprising  that  bran,  which  has  been  very  carefully  freed  from  flour, 
should  contain  an  unusuallj  large  proportion  of  albuminoids.  The 
mere  fact  of  their  bran  having  been  fresh,  L  e.  recently  separated  from 
the  wheat,  may  possibly  account  for  the  high  percentages  of  nitrogen 
found  by  Frapolli,  v.  Bibra,  and  Wicke ;  but  it  is  to  be  observed  in 
this  connection  that  most  of  the  other  analyses  were  of  '*  commercial 
bran."  The  observations  of  Lawes  and  Gilbert,  in  their  pamphlet 
"  On  some  Points  in  the  Composition  of  Wheat-Grain,  its  Products  in 
the  Mill,  and  Bread,''  London,  1857,  p.  30,  tend  t6  support  this  view, 
inasmuch  as  the  bran  examined  by  them  was  prepared  purposely  for 
their  investigations.  These  experimenters  found  in  the  four  grades  of 
bran-products  between  **  coarse  sharps "  and  ''  long  bran,'*  inclusive, 
from  2.39  to  2.58  per  cent  of  nitrogen,  or  from  14.^4  to  16.13  per 
cent  of  albuminoids  (in  the  mean*  15.54  per  cent). 


*  I  regret  that  mj  ignoi:|uioe  as  to  the  meaning  of  the  technical  terms  employed 
by  English  millers  prevents  me  from  placing  these  determinations  in  the  table  which 
has  been  given  above.  The  following  is  a  statement  of  the  resnlts  of  Messrs.  Lawes 
and  Gilbert,  as  set  forth  on  pages  30  to  32  of  their  pamphlet 


Kinds  of  mill  iHrodoetf. 


Flour  from  1st  wire  .  . 
Flour  from  2d  wire  .  . 
Flour  from  3d  wire     .    . 

TaUs 

Fine  sharps  or  middlings 
Ck>arse  sharps     .    .    «    . 

Fine  poUara 

Coarse  pollard    .    .    .     , 

y>^*>^ 

Loss , 


Percent 
of  floor  and  of 
feed    obtained 
ftom  the  air- 
dried  grain. 


51.3 
24.8 
1.7 
1.6 
3.3 
33 
1.8 
6.7 
5.0 
0.6 


Per  cent  in  the  seTeral  products. 


Of 


0.71 
0.74 
0.82 
1.04 
2.19 
3.93 
5.46 
6.56 
7.14 


Of  nitrogen. 


1.63 
1.69 
1.78 
1.86 
2.21 
2.58 
2.44 
2.42 
2.39 


Ofalbomi- 
noidB. 


10.19 
10.56 
11.13 
11.63 
13.81 
16.13 
15.25 
15.13 
14.94 


It  is  noteworthy  that  the  highest  proportion  of  nitrogen  was  found,  not  in  the  very 
coarsest  Idnds  of  bran,  but  in  the  somewhat  finer  grade  called  "  coarse  sharps." 
Messrs.  Lawes  and  Gilbert  remark  in  this  connection  that ''  the  indications  of  the 
figures  are  consistent  with  such  observations  as  have  Ji)een  recorded  regarding  the 
stroctural  composition  of  wheat-grain,  it  being  stated  that  the  greatest  concentra- 
tion of  nitrogenous  compounds  is  immediately  below  the  pericarp  itself,  and  we 
should  expect  that  the  longer  bran  would  have  less  of  the  more  internal  matters 
adherent  to  it"  To  which  may  be  added  the  fact,  explained  further  on,  that  the 
wheat  used  for  this  set  of  experiments  was  of  such  character  that  it  permitted  an 
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There  is  reason  to  believe  that  bran  is  liable  to  loie  a  part  of  ita 
nitrogen  by  keeping,  and  in  this  way  to  deteriorate  in  value,  both 
when  stored  and  when  transported  long  distances.  Millers  and  grain- 
dealers  are  oareful  not  to  allow  any  very  considerable  quantity  of  bran 
to  accumulate  upon  their  premises,  because  of  its  known  tendency 
^'to  heat''  and  ^*to  shrink,"  or  Jose  weight.  For  the  same  reason 
they  avoid  throwing  it  into  heaps.  I  am  assured  that  a  few  tons  of 
'  bran  piled  up  and  left  to  itself  will  quickly  become  hot,  and  waste 
away  to  the  extent  of  perhaps  twenty  per  cent  of  its  original  weight. 
At  the  same  time  it  loses  its  light,  mobile  character,  and  settles  down 
to  a  tolerably  coherent  mass,  from  which  well-defined  pieces  can  be 
cut  out  with  the  shoveL  All  this  is  good  chemical  evidence,  which 
proves  that  bran  ferments  easily.  But  in  such  process  of  fermentation 
the  flesh-like  albuminoids  would  be  the  first  among  the  ingredients  of 
bran  to  suffer  decomposition  and  be  lost  in  the  form  of  gas.  It  is  not 
impossible  that  one  explanation  of  the  somewhat  smaller  proportion 
of  albuminoids  in  the  American  brans  is  to  be  found  in  the  &ct  €i 
their  having  been  tightly  packed  during  the  long  journey  to  market 
from  the  place  of  their  production. 

On  the  other  band,  it  is  not  unlikely  that  the  samples  of  bran  so 
exceptionally  rich  in  albiuninoid?  may  have  come  firom  wheat  which 
grew  on  land  very  rich  in  available  nitrogen,  or  upon  land  that  had 
been  highly  manured.  The  influence  of  nitrogenized  manures  in  in- 
creasing the  proportion  of  albuminoids  in  crops  has  been  often  notioed, 
but  Messrs.  Lawes  and  Gilbert  (loc.  cit.,  pp.  12,  13,  21,  28,  30,  32) 
have  observed,  in  addition  to  this,  that  grain  grown  with  nitrogenous 
manuring  in  good  seasons,  which  permitted  the  crop  to  be  "well  devel- 
oped and  matured,  allowed  a  better  separation  of  the  flour  and  yielded 
a  cleaner  bran  than  the  grain  of  poorer  crops.  Their  observations  also 
confirm  the  general  opinion  that  old  wheat  yields  up  its  flour  better 
than  new.  In  a  large  number  of  trials  upon  different  samples  of 
wheat  they  got  on  the  average  no  morQ  than  seventy  per  cent  of  flour 
from  the  three  first  wires,  while  the  old  and  well-matured  wheat  from 
which  their  bran  just  now  alluded  to  was  obtained  gave  seventy-seven 
and  three-quarters  per  cent.     It  is  not  surprising,  therefore,  that  brans 

nniuiially  perfect  separatioii  of  the  several  products.  An  imeommonly  large  yield 
of  flour  was  obtained,  and  the  bran  was  remarkably  fi'ee  from  flour.  The  laige  per- 
centage of  ash  found  in  these  bran-produets  lUso  attests  their  freedom  from  floor. 
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ezoeptionallj  rich  in  albuminoids  should  now  and  then  be  met  with ; 
but  I  think  they  do  not  fairly  represent  the  commercial  article,  and  I 
have  therefore  little  hesitancy  in  excluding  from  my  estimation  of  the 
average  composition  of  brai)  the  determinations  of  albuminoids  given 
in  analyses  No&  VIII.  to  XII. 

If  due  allowance  be  made  for  all  these  sources  of  error  and  differ- 
ence, and  for  the  smaller  proportion  of  water  reported  in  the  American 
brans, — due  in  part,  perhaps,  to  the  dryness  of  our  winter  climate  as 
compared  with  that  of  Europe,  and  probably  in  part  to  the  f&ct  that 
analysts  are  not  in  accord  as  to  the  best  temperature  for  drying  or- 
ganic substances,*  —  it  will  be  seen  that  the  average  composition  of 
the  European  brans  is  vety  nearly  the  same  as  that  of  the  American. 
The  following  table  shows  the.  average  composition  of  European  brans 
thus  deduced  from  selected  detergiinations. 

No.  of  d«t«rmiiiAtloii8  (or  nthor  of 
■tatemanti  of  retolto)  tnm  whkh 
tbe  mwn  hu  been  deduoed^  Ihiii. 

Water 18  18.24 

Aflh  (free  frooi  C  and  COJ 8  4.10 

Albuminoids     ........  7  18.44 

Carbohydrates  (including  &t),  by  difference         .  60.22 

C^olose 14  9.00 

100.00 

Dry  organic  matter,  by  difference          .        .        .  82.66 

Fat   .        ^ 12  8.62 

This  result  differs  appreciably  in  several  particulars  frx>m  Wolff's 
estimate  as  stated  in  the  fodder-tables  in  Johnson's  "How  Crops 
Grow,"  p.  387,  and  i%  I  think,  more  nearly  correct  I  regret  my 
present  inability  to  consult  Professor  Wolff's  original  discussion  of 

*  The  percentage  of  water  in  the  American  brans,  as  above  stated,  was  determined 
by  drying  at  10(f  C.  Bot  many  analysts  prefer  to  dry  at  110".  A  ooa|de  of  trials, 
made  specially  to  determine  how  laige  an  amount  of  water  would  be  expelled  at 
1 10*  from  bran  that  had  previously  been  dried  at  100°,  gave  the  following  results :  — 

S.0486  grammes  of  Michigan  shorts  gave  11.89%  of  water  when  dried  at  100^ 
«  <<  ((  II  u    12.54     "       "         **        **      "    110° 

Diflferenbe  0.65 

2.8885  grms.  of  St.  Louis  middlings  gave  12.21  %  of  water  when  dried  at  100* 

««  II  If  II  II      19  so       '<         «  «  *<         **     \\(f 

Difference  0.68 
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this  matter ;  but  it  is  plain  that  in  estimating  his  mean  for  the  item 
*'  cellulose "  he  has  admitted  some  determinations  which,  as  I  shall 
show  farther  on,  are  not  comparable  with  the  cellulose  determinations 
in  the  other  parts  of  his  table.  His  estimate  of  albuminoids  may  pos- 
sibly be  a  little  too  high.  He  has  evidently  included  one.  or  two  of 
the  determinations  wtiich  I  have  thought  best  to  disregard  for  the 
reasons  above  stated.   . 

It  is  plain,  from  all  that  has  been  said,  that  bran,  as  found  m  com- 
merce, is  a  fodder  of  tolerably  constant  composition,  as  well  as  of 
high  nutritive  value. 

In  the  following  tMe  the  composition  of  bran  is  contrasted  with 
that  of  oats,  barley,  maize,  brewers'  grains,  and  hay ;  also  with  that 
of  the  common  whiteweed,  or  ox-eye  daisy,  as  determined  in  this 
laboratory.  The  analyses  of  oats^r  barley,  brewers'  grains,  and  hay 
are  copied  from  Wolflf's  table  in  Professor  Johnson's  "  How  Crops 
Grow,"  p.  385  ;  that  of  maize  is  the  mean  of  several  analyses  of  the 
yellow  com  of  New  England,  made  at  the  New  Haven  Laboratory  by 
Professor  Atwater  (see  "  American  Journal  of  Science."  1869,  48,  352). 


American  shorts 

European  bran  .     . 

American  middlings  ) 
and  ship-stuff        ; 

Oats' 

Barley 

Maize 

Brewers'  grains  .    . 

Hay      ..... 

Dried  whiteweed,  cut  ^ 
at  the  time  of>- 
flowering  ) 


I 


11.66 
18.24 

12.25 

14.30 
14.30 
9.30 
76.60 
14.30 

10.87 


I 


5' 


4.28 
4.10 

2.20 

8.00 
2.60 
1.41 
1.20 
6.20 

6.44 


11.76 
13.44 

10.86 

12.00 
9J(0 
9.67 
4.90 
8.20 

7.00 


If 

MB 


64.42 
60.22 

69.67 

60.90 
66.60 
77.17 
11.10 
41.30 

44.69 


8.29 
9.00 

5.02 

10.80 
7.00 
2.46 
6.20 

80.00 

81.00 


I     ■ 


84.07 
82.66 

85.56 

82.70 
88.10 
89.29 
22.20 
79.50 

82.69 


II 

(SI 


424 
8.62 

2.94 

6.00 
2.50 
5.04 
1.60 
2.00 

2.42 


Several  chemists  who  have  investigated  bran  with  the  view,  of  esti- 
mating its  value  as  human  food  have  argued,  with  some  degree  of 
truth,  that  the  proportion  of  cellulose  as  above  given  tends  to  convey 
a  fiilse  impression,  by  implying  that  there  is  a  larger  amount  of  starch, 
dextrin,  or  sugar  in  bran  than  can  be  found  by  direct  analysis.     In 
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other  words,  they  cozoiplain  that  a  considerable  quantity  of  tender  and 
easily  soluble  cellulobo  is  classed  precisely  ad  if  it  ^ere  stardi  or  sugar. 
Thus  Poggiale  andOudemand,.and  after  them  ▼.  Bibra,  regarding  br9ii 
as  a  possible  admixture  in  bread,  have  been  at  pains  to  exclude  from 
our  term  "  carbohydrates  "  everything  but  starch,  dextrin,  sugar,  and 
fat.  Poggiale  and  Oudemans  in  particular  have  estimated  "  cellulose '' 
not  by  treating  the  bran  alternately  with  dilute  acid  and  alkali  after 
Millon,  Peligot,  and  the  generality  of  chemists,  but  by  means  of 
diastase,  (used  to  remove  starch)  and  alkah*.  The  matter  recorded  as 
"  cellulose  *'  in  their  analyses  is  consequently  not  comparable  with  the 
substance  to  which  that  term  is  ordinarily  applied.  Their  analyses 
may  be  stated  as  follows :  — 


Poggiale. 

Ondemaiu. 

a                   b 

Water    ... 

.     12.67 

14.07 

14.27 

Ash 

5.51 

6.52 

6.26 

Albuminoids    .    '    . 

.     18.00 

18.46 

12.68 

Dextrin,  starch,  and  sugar   . 
Woody  fibre   .        .        .        . 

81.81 
,     84.58 

81.68 
80.80 

84.98 
27.21 

Fat 

2.88 

2.46 

2.88 

These  analyses  have  comparatively  little  interest  in  the  present  con- 
nection. They  are  given  merely  for  the  sake  of  showing  what  has 
been  done  by  chemists  who  have  looked  at  the  subject  from  another 
point  of  view.  It  is  to  be  remembered  that  we  are  here  considering 
bran  as  food  for  cattle,  and  that  the  analyses  tabulated  on  the  preced- 
ing pages  do  compare  one  kind  of  cattle  food  with  another.  Their 
sole  purpose  is  to  enable  us  to  contrast  the  different  kinds  of  fodder.  As 
regards  the  item  "  cellulose,"  for  example,  the  table  shows  conclusively 
that  while  hay  contains  thirty  per  cent  of  woody  fibre,  so  compact  that 
it  can  withstand  the  tolerably  long-continued  action  of  dilute  acid  and 
alkali ;  that  while  oats  contain  ten  and  one  third  per  cent,  brewers' 
grains  6.2  per  cent  (in  a  total  of  only  twenty-two  and  one  quarter  per 
cent  of  dry  organic  matter),  and  dry  whiteweed  thirty-one  per  cent  of 
this  resisting  substance,  bran  yields  no  more  than  eight  and  one  third 
per  cent  of  it  when  exposed  to  precisely  similar  treatment,  and  maize 
only  about  three  per  cent.  The  method  ordinarily  used  for  determin- 
ing cellulose  is  undoubtedly  far  from  being  perfect,  as  I  may  have  oc- 
casion to  show  in  a  future  coramuuication  ;  but,  with  all  its  faults,  it 
certainly  does  enable  us  to  make  many  useful  comparisons  like  those 
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which  have  been  ghren  above.  It  is  perfectly  &ir,  moreover,  to  olasB 
as  **  carbohydrates  ^  all  that  portion  of  the  woody  fibre  of  vegetables 
which  is  easily  disaggregated  and  dissolved  by  dilute  acids ;  for  the 
researches  of  a  niunber  of  German  investigators  have  shown  that  a 
large  proportion  of  even  the  most  compact  forms  of  cellulose  is  di- 
gested without  difficulty  by  animals,  particularly  by  the  ruminants. 

I  have  not  found  it  easy  to  obtain  any  very  precise  estimates  of  the 
quantities  of  bran-products  used  in  this  vicinity  as  fodder  for  the  dif- 
ferent kinds  of  animals.  In  Boston  and  in  the  ac^acent  cities  veiy 
considerable  quantities  of  shorts  are  fed  to  horses  as  an  admixture  in 
their  daily  ration  of  Indian  meal  or  cracked  com ;  in  some  cases  even 
as  an  addition  to  oats.  An  occasional  bran-mash  is  given  by  many 
hostlers  in  addition  to  the  smaller  daily  allowance.  In  some  stables, 
where  Indian  meal  is  fed  to  horses  in  conjunction  with  cut  hay,  a 
certain  proportion  of  *'  fine-feed  "  is  added  to  the  mixture  as  a  laxative 
agent.  But,  with  this  exception,  it  would  appear  that  nothing  but 
the  coarse  shorts  or  bran  .proper  is  fed  to  horses  hereabouts. 
'  In  Jamaica  Plain,  for  example,  the  grain-dealers  tell  me  that  they 
sell  as  many  as  five  bags  of  shorts  for  one  bag  of  fine-feed  and  mid- 
dlings. In  the  coimtiy,  on  the  other  hand,  a  great  deal  of  fine-feed, 
middlings,  and  mill  or  ship  stufif  is  fed  to  milch-cows,  and  a  certain 
amount  of  these  products  is  given  to  swine  also.  But  it  is  hard  to 
determine  in  what  proportions  the  materials  are  employed.  Fine- 
feed  is  said  to  be  preferred  to  middlings  by  many  persons,  for  the 
purely  mechanical  reason  that  it  can  be  mixed  more  readily  than  the 
latter  with  water  or  swilL  In  this  immediate  vicinity  (Jamaica 
Plain)  some  fine-feed  is  bought  of  the  local  dealers  to  be  given  to 
growing  animals,  such  as  calves,  but  for  milch-cows  shorts  are  sought 
for.  They  are  said  to  be  used  for  mixing  with  brewers'  grains,  large 
quantities  of  which,  obtained  from  the  Roxbury  breweries,  are  used 
by  the  neighboring  farmers.  Some  of  the  advantages  to  be  gained  by 
feeding  bran-products  to  cattle  in  conjunction  with  straw  and  inferior 
grades  of  hay  have  been  clearly  set  forth  by  Mr.  E.  W.  Stewart  in  the 
Report  of  the  United  States  Commissioner  of  Agricultiu^  for  1865, 
p.  398. 

It  is  worth  noting  in  this  connection  that  the  ash  of  bran  contains 
an  unusually  large  proportion  of  phosphates  (some  fifty  odd  per  cent 
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of  this  ash  is  phosphoric  acid,  calculated  as  if  it  were  free  and  uncom- 
bined),  and  that  every  ton  of  shorts  or  middlings  contains  from  thirty 
to  fifty  pounds  of  ash.  All  the  varieties  of  bran  are  consequently 
well  fitted  to  supply  the  phosphates  needed  by  milch-cows  and  by 
growing  animals ;  and  the  manure  from  aninials  fed  with  bran  will, 
of  course,  be  specially  rich  in  phosphates.  Where  bran  is  used  judi- 
ciously it  can  hardly  happen  that  there  should  be  need  of  feeding  out 
bone-meal  to  cattle,  as  is  so  often  done  in  New  England. 

» 

I  do  not  wish  to  be  understood  as  recommending  the  use  of  bran  in 
any  wholesale  or  indiscriminate  way.  Every  farmer  knows  that  in 
beginning  to  feed  an  animal  with  either  of  the  ref\ise  wheat-products 
the  quantity  given  must  be  small  at  first,  and  must  not  be  increased 
too  rapidly.  Perhaps  in  no  event  can  any  very  large  amount  of  it  be 
added  with  advantage  to  the  daily  ration.  It  will  always  be  true  of 
this  kind  of  fodder,  that  care,  attention,  and  good  judgment  are 
necessary  in  order  to  its  profitable  use.  There  are  doubtless  many 
farmers  in  Massachusetts  whose  methods  of  using  the  material  leave 
nothing  to  be  desbred.  Their  practices  should  be  discovered  and  held 
up  for  imitation.  There  can  be  small  room  for  doubting  that  the  use 
of  this  kind  of  fodder  in  New  England  ought  to  be  largely  increased. 
The  price  per  ton  of  bran-feed,  no  matter  whether  it  be  shorts,  fine- 
feed,  or  middlings,  is  lower  in  Boston  this  winter  (1872-73)  than  that 
of  the  ton  of  hay.  It  is  plain,  therefore,  that  bran  is  held  in  com- 
paratively low  esteem  in  this  region.  No  doubt  the  very  fiEtot  of  its 
comparatively  low  price  tends  to  deter  some  persons  from  using  bran- 
feed.  They  would  naturally  enough  ai^e  that,  if  this  material  were 
really  valuable,  the  fact  would  have  been  recognised  long  ago  by  prac- 
tical men,  and  the  price  forced  up  by  an  extended  consumption.  I  am 
inclined,  however,  to  believe  that  the  low  price  of  bran  is  in  some 
sense  a  matter  of  tradition,  and  that  it  is  reaUy  based  upon  the  old 
necessity  of  the  miller^  having  to  rid  himself  of  a  bulky  waste  ma- 
terial immediately,  constantly,  and  at  any  sacrifice. 

I  am  glad  to  bear  witness  in  this  connection  to  the  skill  and  assi- 
duity which  my  assistants,  Mr.  F.  P.  Pearson  and  Mr.  M.  Hutchinson, 
have  exhibited  in  this  investigation  and  in  the  ordinary  work  of  the 
laboratory. 
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No.  8.  —  The  Humane  DeBtruction  of  Animals.  By  D.  D.  Slade, 

M.  D.,  Professor  of  Applied  Zoology, 

This  essay  is  intended  to  give  instruction  to  those  who  desire  to 
terminate  the  existence  of  animals  in  the  most  speedy  and  humane 
manner,  whether  such  animals  are  intended  for  food,  or  whether  they 
have  become  useless  through  age,  sickness,  or  other  cause.  When 
we  reflect  upon  the  vast  number  of  animals  which  are  put  to  death 
in  our  own  country  alone,  for  food,  estimated  at  more  than  fifty 
millions  every  year,  not  to  speak  of  the  thousands  that  are  de- 
stroyed for  other  reasons ;  and  when  we  bear  in  mind  that  a  great 
proportion  of  these  animals  are  put  to  death  often  with  the  most 
needless  cruelty,   simply  through  ignorance  of  the  proper  method 

of  producing  speedy  death,  —  it  will  be  readily  admitted  that  an 

• 

attempt  to  enlighten  the  public  in  this  respect  may  at  least  serve 
to  diminish  the  amount  of  such  cruelty,  and  indirectly  lead  to  other 
equally  satisfactory  results.  While  we  write  more  especially  for  the 
farmer,  who  is  from  circumstances  obliged  to  slaughter  hi&  own  ani- 
mals, and  for  those  who  are  called  upon  reluctantly  to  rid  them- 
selves of  some  fond  but  disabled  pet,  we  also  desire  to  call  the  at- 
tention of  those  who  pursue  the  slaughtering  of  animals  as  a  business 
to  the  great  necessity  of  doing  their  work  in  the  most  humane  man- 
ner possible.  To  this  end,  there  are  certain  measures  of  importance 
to  be  kept  in  view,  and  to  be  carried  into  practice. 

.  Thus,  the  animal  to  be  slaughtered  should  be  conducted  to  the 
spot  selected  as  quietly  as  possible,  without  the  use  of  goad  or  club, 
and  everything  calculated  to  alarm  him  should  be  removed.  All 
slaughtering  premises  should  be  kept  thoroughly  cleansed  from  blood 
and  offal,  and  no  carcasses  be  allowed  to  hang  in  view.  No  animal 
should  be  permitted  to  witness  the  death  of  another.  Trifling  as 
these  measures  may  appear  to  the  professional  butcher,  they  are  in 
reality  of  vast  importance,  not  only  in  view  of  avoiding  useless 
cruelty,  but  as  affecting  the  wholesomeness  of  meat  for  food,  and 
the  market  value  of  the  animal  slaughtered ;  there  being  no  question 
as  to  the  effects  of  torture,  cruelty,  and  fear  upon  the  secretions,  and 
if  upon  the  secretions,  necessarily  upon  the  flesh. 
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The  filaughtering  of  animals  for  food  at  the  present  day  may  be 
classified  under  three  methods :  1.  Rendering  the  animals  insensiUe 
by  a  blow  on  the  head,  followed  by  bleeding;  2.  Cutting  through 
or  injuring  the  spinal  cord  (pithing),  so  as  to  destroy  the  powers 
of  motion  and  sensatiqa,  with  subsequent  bleeding;  3.  Cutting  the 
throat,  deeply  dividing  all  the  blood-vessels,  with  or  without  thrust- 
ing the  knife  into  the  heart,  and  without  preriously  stunning  the 
animal.    This  last  method  is  practised  by  the  Jews  in  slaying  cattle. 

From  certain  experiments  conducted-  for  the  piupose  a  few  years 
since  in  the  abattoirs  of  Paris,  it  would  seem  that  the  first  of  these 
n^thodfl^  namely,  that  of  producing  insensibility  by  some  sudden 
fikock  to  the  brain,  such  as  that  of  a  direct  and  concentrated  Uow, 
e^>ecially  if  followed  by  immediate  blood-letting,  is  attended  by  less 
suffMing  than  when  death  is  effected  by  decapitation,  pithing,  or 
catting  the  throat  without  previously  producing  such  insensibility. 
,  A  German  observer  *  remarks  upon  this  subject :  "All  methods  of 
abkugfatering  have  for  their  object  the  death  of  the  animal  in  a  mxyte 
or  less  speedy,  but  always  in  the  least  painful  manner  possible.  But 
what  is  death)  and  when  does  actusd  death  occur!  Simple  as  these 
two  questions  may  appear,  tl^  are  nevertheleas  veiy  difficult  to 
answer.  A  manmial  whose  head  has  been  cut  off  by  a  guillotine  does 
not  die  immediately.  Actual  death  occurs  some  seconds  or  minutes 
afterwards.     All  methods  of  slaughtering  other  than  the  one  in  which 

insensibility  is  produced  by  a  severe  shock  to  the  brain,  followed  by 

* 

bleedings  produce,  without  exception,  only  appar^it  death,  after  which 
follows  the  actual  deaths  the  latter  being  always  accompanied  with 
an  entire  cessation  of  nervous  and  muscular  excitability ." 

There  are  two  kinds  of  motion.  The  one  is  voluntary  and  depend- 
ent  upon  the  brain.  So  long  as  this  oi^n  remains  unimpaired,  so 
long  will  consciousness,  sensation,  and  the  power  of  voluntary  motion 
continu&  The  other  is  involuntary,  and  dependent  upon  the  action 
of  the  spinal  cord  as  a  nervous  centre,  and  is  known  as  reflex  action. 
This  kind  o£  motion  is  exhibited  in  the  movements  of  animals  after 
decapitataoo,  where  all  connection  with  the  brain,  and  consequently 
with  consciousness,  has  been  cut  off. 

So  intimately  connected  in  our  minds  are  pain  and  action,  that  in 
witnessing  the  slaughter  of  two  animals  we  are  naturally  inclined  to 
*  Dr.  Sondermann,  of  Munich.    Our  Damb  Animala,  Vol.  I. 
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attribute  the  greatest  amount  of  suffering  to  the  one  that  at  the  time 
of  death  exhibits  the  most  violent  convulsions.  In  such  a  conjectiu^e, 
however,  we  may  be  very  much  mistaken,  for  it  is  possible,  nay,  even 
probable,  that  there  may  be  :acute  suffering  with  scarcely  a  struggle 
on  the  part  of  the  animal ;  while,  on  the  other  hand,  there  may  be 
much  struggling,  and  even  distortions,  without  pain  or  sensations  of 
any  kind,  as  is  often  made  evident  in  cases  of  decapitation,  where,  as  we 
have  just  remarked,  all  connection  with  the  brain  has  been  removed. 

Thus  we  see  that  the  movements  of  an  animal  in  the  act  of  being 
killed  are  not  at  all  to  be  relied  upon  as  evidences  of  pain. 

The  term  "  pithing  *^  is  applied  to  two  methods  of  inflicting  injury 
to  the  nervous  system,  and  thereby  producing  death.  By  one  method, 
that  most  commonly  in  vogue,  the  spinal  cord  is  severed  or  punctured 
between  the  first  and  second  bones  of  the  neck,  where  the  peculiarity 
of  the  articulation  leaves  an  opening.  This  is  done  by  a  variety 
of  instruments.  Although  the  animal  drops  immediately,  life  con- 
tinues for  some  seconds  and  even  minutes,  the  heart  continues  to 
beat,  and  the  brain  to  live  and  act.  By  the  other  method,  a  small 
spot  situated  in  the  lower  and  posterior  portion  of  the  brain,  known 
as  the  "  medulla  oblongata,"  is  reached  and  broken  iip  by  the  intro- 
duction of  a  narrow  sharp  instrument  through  the  occipital  hole. 
Death  is  almost  instantaneous.  "  No  attempt  is  made  at  inspiration, 
there  is  no  struggle,  and  no  appearance  of  suffering.  The  animal 
dies  simply  by  a  want  of  aeration  of  the  blood,  which  leads  in  a  few 
moments  to  an  cgrest  of  the  circulation."*  Both  of  these  modes  of 
slaughtering,  especially  the  last,  require  an  anatomical  knowledge 
as  well  as  a  practical  dexterity  that  but  few  would  attain,  and,  if  they 
are  not  properly  and  quickly  executed,  are  undoubtedly  attended  by 
more  suffering  than  other  methods. 

Without  entering  further  into  the  consideration  of  physiological 
questions  of  so  much  importance,  we  may  with  safety  lay  down  the 
following  proposition :  — 

All  animals,  when  slaughtered,  should  be  deprived  of  sensibility 
by  inflicting  sufficient  injury  to  the  brain,  either  by  a  sudden  and 
violent  blow  of  the  axe  or  mallet,  by  the  bullet,  or  by  some  other 
equally  efficient  means,  and  should  then  be  immediately  bled  during 
the  state  of  insensibility. 

•  Dalton's  Physiology,  First  Edition,  p.  S81. 
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It  is  important  to  know  the  exact  situation  of  the  brain  in  animals, 
so  that  the  shock  to  this  oi^gan  may  be  conyeyed  efifectually  and  at 
ouce,  and  not  by  clumsy  ?      ng.  1 

and  ill-directed  efforts,  as 
is  too  often  the  case. 

It  should  be  kept  in 
mind  that  the  brain  of 
animals  occupies  but  a 
oomparatively  small  portion  of  the  entire  head.  In  the  attempt  to 
fell  them,  the  tendency  is  almost  always  to  strike  too  low.  Fig.  1  rep- 
resents a  longitudinal  section  of  the  horse's  head,  showing  the  situa- 
tion of  the  brain,  and  also  the  thinness  of  the  frontal  bone  a  as  com- 
pared with  the  corresponding  region  in  the  ox  (Fig.  3). 

The  horse  may  be  destroyed  by  blows  upon  the  head,  by  the  bullet, 
or  by  chloroform. 

1.  By  Blows.  —  Having  led  the  animal  lo  a  suitable  spot,  blindfolded, 
and  secured  him  by  the  halter,  the  operator,  armed  with  a  heavy  axe 
or  hammer,  should  stand  upon  the  left  and  to  the  front  of  the  animal, 
directing  his  blow  to  a  point  in  the  middle  of  a  line  drawn  across  the 
forehead  from  the  centre  of  the  pit  above  the  eye.     See  Fig.  2. 

One  vigorous  and  well-directed  blow  will  fell  the  animal,  but  the 

blow  should  be  repeated  to  make  'destruc- 
tion sure.  Then,  drawing  back  the  head, 
cut  across  the  throat  at  its  upper  portion 
down  to  the  bode,  so  as  to  open  freely 
all  the  blood-vessels. 

2.  By  the  Bullet. — The  operator  should 
stand  directly  in  front  of  the  animal,  and 
place  the  muzzle  of  the  rifle  or  pistol  within 
a  few  inches  of  the  skull,  aiming  at  the 
spot  indicated  in  Fig.  2. 

If  the  pistol  is  used,  one  hand  may 
steady  the  head  by  grasping  the  nose- 
band of  the  halter,  or  by  taking  hold  of 
the  forelock.  If  the  rifle  is  employed,  it  is  better  to  blindfold  the 
horse  or  to  secure  him  by  the  halter.  One  shot  is  generally  suffi- 
cient, if  properly  directed  in  either  case ;  if  not,  it  should  be  repeated 
alter  the  animal  falls. 


ng.  2. 
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In  most  instmoes,  so  great  and  instaataneons  is  the  i^itoek  to  the  - 
brain  from  a  gunshot  wound  that  death  follows  instantly,  and  tbere- 
fore  opening  the  blood-Tessels  is  not  required. 

The  pistol  used  should  carry  a  large  bullet^  not  smaller  than  a  rifle> 
ball  A  shot-gun  loaded  with  buck-shot  is  as  effectual  at  a  point-Uiank 
range,  and  may  often  be  more  conyeniently  procured 

3.  By  Chloroform.  —  Procure  a  common  feed-bag  or  wemSI  sack 
made  of  thick  cotton  doth,  or  of  any  sufSciently  strong  material,  pro- 
vided withrstrings  or  a  strap  to  fasten  over  the  head,  and  at  the  bot- 
tom of  this  place  a  large  sponge  cft  a  yavd  of  flannel  folded  to  the  mo 
of  eight  mdies  square. 

The  animal  having  been  led  to  the  spot  selected,  the  qionge  or  flan- 
nel is  to  be  saturated  with  the  chloroform  and'  the  bag  adjusted.  If 
the  suffocation  and  consequent  struggling,  which  at  first  attend  the 
administration  of  ansesthetics,  are  veiy  great,  the  application  of  the 
chloroform  may  be  gradual,  the  animal  being  allowed  to  respire  the 
outward  air  for  a  moment,  uAtil  these  effects  pass  off.  Aa  it.  is  by  the 
exclusion  of  coouBon  air,  however,  that  death  is  produced,  the  more 
persistently  the  administration  of  the  chlorofcHjaoL  is  kept  up^  the  more 
speedy  will  be  the  desired  result. 

The  dose  requisite  varies  very  much  according  to  circumstances. 
At  least  sixteen  ounces  of  chloroform  should  be  procured,  and  it  should 
be  fresUy  applied  through  a  small  slit  in  the  bag  every  few  minutes 
until  death  ensues,  which  will  be  from  five  to  ten  or  fifteen  minutes 
after  the  beginning  of  the  operation. 

The  difficulties  attending  the  administration  of  chloroform  to  so 
large  and  powerful  an  animal  as  the  horse,  particularly  at  the  hands 
of  the  inexperienced,  render  its  use  less  applicable  in  producing  death 
than  either  of  the  other  methods.  In  cases  where  sickness  and  conse- 
quent debility  have  reduced  the  animal  and  made  him  less  capable  of 
struggling,  it  answers  a  good  purpose,  but,  as  a  general  rule,  we  do  not 
recommend  its  use  where  the  normal  amoxmt  of  strength  stiU  remains. 

If  the  animal  to  be  killed  is  to  be  buried  without  removing  the 
skin,  a  pit  may  be  dug,  large  enough  for  a  grave,  one  end  of  which 
should  be  so  excayated  as  to  make  an  inclined  plane,  down  which  the 
horse  can  be  led.  Wlxen  in  the  pit,  his  head  is  in  a  convenient  posi- ' 
tion  for  the  axe  or  the  bullet,  aofd  when  he  drops  he  £gJ1s  in  his  grave,, 
and  the  labor  of  removing  the  body  is  entirely  avoided 
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-  TLe  skull  of  the  ox  is  thicker  and  heavier  than  that  cf  the  horse, 
and  the  brain  Btill:  smaller  m  compavison  with  the  entire  head.  The 
fix)iitaL  bone  is  composed  of  two  plates,  whidi  are  separated  hy  bony 
ridges  fcnming^  cells  or  sinnsea  This  arrangement  (seen  in  Fig.  3, 
whieh.  repreaenis.  a  loai^tii-  ^  ^^ 

dimd  aeotum  of  the  head) 
gives  to  the  parta  great 
Btrengthy  and  forms  a  seeure 
defence  against  u]jiiries  to 
the  brain,  which  lies  be- 
neath (or). 

Cattle  are  most  readily 
and  eonyenientl  j  destroyed  by  blows  on  the  head  with  a  heavy  axe 
OK  hammer,  followed  by  immediate  blood-letting.  The  animal  which  is 
to  be  kzQed  shoold  be  secured  by  means  of  a  rope  passed  roimd  the 
horns  ajid  fiistened  to  a  post,  or,  if  practicable,  carried  through  a  ring 
in  a  floor  and  held  by  an  assistaat  or  made  fiast.  The  anin^al  being 
blindfolded,  the  operator,  armed  with  a  heavy  axe  or  hammer,  stands  to 
the  left  and  a  little  in  front  of  it,  and  aims  his  blow  at  a  spot  in  the  mid- 
dle of  a  line  draiwn  across  the  forehead  about  one  inch  and  a  half  below 
the  base  of  the  horns,  or,  perhaps  better,  at  the  spot  where  two  diiagonal 
linQB.inter8ect,  drawn  from  the  eyes  to  the  base  of  the  horns.  (Fig.  4.) 
In  most  cases,  if  the*  blow  is  heavy  and  properly  directed,  tlie  ani- 
mal falls  instantly ;  but  it  is  better  even  then  to  repeat  the  blow  and 
to  foflow  it  by  immediate  bleeding.  This  iis  accomplished  either  by 
drawing  back  the  head^  and  cntfcing  deeply  across  the  neck  at  the 
fig.  4.  i^per  portion  of  the  windpipe,  severing  all 

the  blood-vessels,  or  by  plunging  a  long 
and  sharp-pointed  knife  into  the  heart  and 
^\\\  large-  blood-vessels  at  a  point  corresponding 
to  the  upper  portion  of  die  brisket,  and 
just  above  the  breast-bona 

Failure  to)  foil  the  animal  at  the  irst 
blow  cannot  be  attributed  to  any  difiSarence 
in  the  anatomical  structure  of  the  part,  but 
rather  to  the  fact  that  the  blow  was  ill- 
directed,  almost  invariably  too  low^  that  it  was  not  sufficiently  power- 
ful, or  that  both  of  these  faults  were.  oambiDed. 
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In  the  slaughtering  of  calves,  it  is  not  a  common  practice  with  us-, 
as  it  is  in  France  and  other  oountries,  to  render  them  insensible  before 
bleeding,  for  fear  that  the  brain  may  be  made  less  inviting  as  an  arti- 
cle of  food  by  being  torn  and  stained  with  blood.  By  using  a  broad 
mallet  this  may  be,  in  a  great  measure,  avoided,  and  even  if  these  re- 
sults do  follow,  they  do  not  in  reality  alter  the  quality  of  the  brain 
for  edible  purposes.  Objections  to  the  humane  destruction  of  an 
animal  on  such  grounds  are  as  imreasonable  as  those  which  are  made 
to  juicy  and  wholesome  red  veal  by  people  who  prefer  that  which  has 
been  rendered  white,  dry,  and  innutritious  by  repeated  bleedings, 
which  have  reduced  the  calf,  before  death,  to  a  lingering  condition 
of  faintness  and  debility.  -    ' 

The  calf  should  be  first  stunned  by  a  blow  upon  the  head  by  a  broad 
mallet  or  hammer  aimed  at  a  spot  relatively  tlie  same  as  in  the  full- 
grown  animal  This  is  to  be  followed  by  immediate  bleeding,  prac- 
tised by  severing  the  throat  at  a  point  corresponding  to  the  upper  por- 
tion of  the  windpipe,  using  a  sharp  knife  and  doing  the  work  thoroughly 
and  at  once,  so  as  to  6pen  all  the  arteries  and  veins  of  the  neck. 

Sheep  and  lambs  should  be  rendered  insensible  by  a  blow  upon  the 
head,  to  be  followed  subsequently  by  severing  the  throat,  as  just  ad- 
vised in  the  case  of  calves,  or  by  plunging  a  sharp-pointed  knife 
through  the  blood-vessels  at  either  side  of  the  neck  between  the 
bones  and  the  windpipe. 

The  place  to  be  selected  for  a  blow  is  the  centre  of  a  line  drawn 
across  the  head  about  two  inches  above  the  eyes,  the  brain  in  the 
sheep  occupying  a  situation  posterior  to  what  at  first  sight  would 
appear  to  be  the  natural  one. 

There  is  an  idea  prevalent  among  farmers,  and  even  among  many 
of  those  who  practise  the  slaughtering  of  swine  as  an  avocation,  that, 
if  these  animals  are  first  rendered  insensible  by  blows  upon  the  head, 
it  is  impossible  to  empty  the  blood-vessels. 

There  is  no  foundation,  however,  for  any  such  opinion.  Any  obsta- 
cles to  bleeding  are  due,  not  to  material  differences  in  the  anatomi- 
cal arrangement  of  the  blood-vessels,  but  solely  to  the  difficulties 
attending  the  cutting  •through  of  the  great  mass  of  fat  and  flesh  which 
characterizes  the  necks  of  swine  in  order  to  reach  these  vessels. 
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This  very  difficulty  is  a  reason  why  the  animal  should  be  rendered 
insensible  before  bleeding,  not  only  on  the  score  of  humanity,  but  also 
on  the  score  of  avoiding  the  barbarous  .sights  and  sounds  which  so 
frequently  disgrace  our  towns  and  villages. 

In  Europe  generally,  and  at  the  present  time  in  our  lai*ge  slaugh- 
tering establishments,  both  in  New  England  and  at  the  West,  the  swine 
are  always  first  rendered  insensible  by  being  stunned.  They  should 
be  made  insensible  by  a  blow  upon  die  head,  directed,  not  between 
the  eyes,  but  upon  a  spot  in  the  middle  of  a  line  drawn  across  the 
head  three  to  four  inches  above  the  eyes.  A  long  sharp  knife  should 
then  be  thrust  deeply  through  the  lower  portion  of  the  brisket,  at  a 
point  just  above  the  breast-bone,  severing  the  large  vessels  leading 
from  the  heart.  To  &cilitate  this  operation^  the  head  should  be 
drawn  back  by  the  hand  holding  the  snout.  The  point  of  the  knife 
after  it  has  been  thrust  in  should  be  swept  about  and  made  to  cut 
more  extensively  in  the  deep  parts  than  at  the  surface*  This  insures 
the  thorough  division  of  the  blood-vessels  and  the  most  rapid  and 
effectual  bleeding  of  the  animal. 

Small  dogs,  cats,  and  other  diminutive  animals,  particularly  if  sick  or 
in  any  way  disabled,  are  humanely  destroyed  by  means  of  chloroform. 

This  substance  should  be  administered  by  pouring  from  half  an 
ounce  to  an  ounce  of  it  on  to  a  sponge  or  folded  flannel,  placed  within 
a  thick  cloth  or  towel,  and  applied  over  the  mouth  and  nostrils.  If 
the  struggling  is  severe  at  first,  the  administration  of  the  chloro- 
form may  be  made  more  gradual  by  removing  the  sponge  or  flannel, 
for  a  moment,  altogether,  and  then  reapplying  it ;  and,  as  the  animal 
becomes  quiet,  it  should  be  kept  on  closely  and  constantly,  to  the 
entire  exclusion  of  the  outward  air,  adding  fresh  chloroform  from 
time  to  time  until  death  occurs.  The  length  of  the  operation  will 
depend  upon  the  size  and  condition  of  the  animal,  and  the  persistence 
with  which  the  administration  has  been  kept  up. 

As  a  protection  against  the  struggles  of  the  animal  to  firee  itself, 
the  body  may  be  placed  in  a  sack  or  bag,  allowing  the  head  to 
protrude.  Or  a  blanket  may  be  thrown  over  the  body,  by  which 
it  may  be  grasped,  while  the  head  is  left  free  for  the  application  of 
the  sponge.  Or  the  animal,  together  with  the  saturated  sponge,  may 
be  placed  in  a  small  box  and  allowed  to  go  quietly  to  rest. 
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The  young  dTeots  and  dogi,  irhea  but  a  few  days  or  hours  old,  maj 
be  humanely  destroyed  by  drownings  if  properly  ezeoated.  This  caa 
be  best  accomplished  by  placing  them  in  a  tight  bag  oontaining  a 
stone  of  sufficient  weight  to  insure  speedy  innicing. 

The  quickest  mediod  of  terminating  the  ezi^^ence  of  a  large  dog  is, 
imdoubtedly,  to  shoot  him.  To  do  this  properly  and  effectually,  it  is 
&r  preferable  to  use  a  pistd,  and  to  ^aoe  the  muzzle  of  it  within  a 
few  inches  of  the  head,  at  the  side,  just  <nrer  and  in  fiont  of  the  ear. 
If  the  rifle  is  used,  the  same  spot  should  be  aimed  at 

It  is  a  commocn  piactioe  to  shoot  a  dog  with  a  pistol,  the  muzzle  of 
which  is  diiected  behind  the  ear.  In  this  case,  unless  exactly  aimed 
in  the  ri^it  directioo,  the  ball  is  likely  to  ^anoe  and  pass  through  the 
soft  parts  of  the  neck,  and  although  death  might  be  the  result  of  t^e 
shot,  it  would  neither  be  so  certain  nor  so  instantaneous  as  if  the  brain 
had  been  pierced. 

In  the  attempt  to  destroy  it,  no  animal  should  be  merdy  maimed. 
For  this  reaaon,  if  a  gun  or  Ibwiing-piece  idiould  be  used,  it  should  be 
charged  with  buck-<hot,  the  side  of  the  head  aimed  at^  and  sufficiently 
near  to  insure  speedy  death. 

The  same  remarics  apply  to  the  destmctioQ  of  cats.  As  thisanimal 
is  smaller,  however,  dealii  may  b&  instantly  effected  by  small  shot 
fired  from  a  gun  at  the  head,  sirffioiently  near  to  prevent  the  scatter- 
ing of  the  charga 

The  r^narks  which  we  have  already  made  as  regards  producing  in- 
sensibility by  a  blow  upon  the  brain  may  equally  apply  to  poultry. 
The  ahnost  uniyenal  method  of  killing  by  chopping  off  ihs  head  of  a 
fowl,  and  allowing  the  body  to  flutter  about  upon  the  ground,  is  not 
an  agreeable  sight,  and  has  certainly  a  demoralizing  effidct  upon  those 
who  witness  it,  eq)eciaUy  upon  the  young  and  those  who  are  not  yet 
callous  to  such  eoghts.  The  same  may  be  said  also  of  the  practice  of 
opening  the  blood-vessels  in  the  necks  of  poultry,  and  allowing  them 
to  Ueed  to  death  more  or  less  slowly.  Therefore,  to  produce  insensi- 
bility, make  use  of  either  of  the  following  modes. 

1.  Grasp  the  bird  by  the  legs,  {dace  its  head  upon  a  block,  and 
strike  it  a  smart,  quick  blow  with  a  small  club,  or  with  some  equally 
efficient  weapon,  and  ^en  inmiediately  sever  die  head  from  the  body 
by  a  sharp  cleaver  or  hatchet  Retain  the  body  in  £he  hand  until  all 
fluttering  has  ceased. 
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2.  Taking  the  bird  up,  compress  the  throat  between  the  thumb  and 
finger  for  a  minute.  Retaining  the  grasp,  swing  the  body  round  sev- 
eral times,  and  then  remove  the  head  as  just  described.  Here  insen- 
sibility is  produced  by  suffocation  and  loss  of  motion  by  the  twisting 
of  the  bones  of  the  neck. 

3.  A  very  sharp  blow,  with  a  small  but  heavy  stick,  behind  the  neck, 
at  about  the  second  joint  from  the  head,  will  injure  the  spinal  cord 
80  as  to  destroy  sensation  and  motion,  if  properly,  executed ;  the 
bead  ^  be  afterwards  severed  from  the  neck. 

4.  Hang  up  the  bird  by  the  legs,  and  thrust  a  long,  narrow,  sharp- 
pointed  knife,  like  a  penknife,  into  the  brain  through  the  back  part 
of  the  roof  of  the  mouth.  Death  is  instantaneous.  To  do  this  con- 
siderable dexterity  is  required. 

It  has  been  observed  that  fish  which  are  instantly  killed  on  being 
taken  frt)m  the  water  are  vastly  superior,  in  taste  and  solidity,  to 
those  which  are  allowed  to  die,  as  is  the  universal  custom  with  us. 
And  why  should  this  not  be  the  case  1  Why  should  we  make  a  dis- 
tinction in  this  respect  between  animals  that  swim  and  those  that  fly  or 
run  1  No  one  of  us  would  think  of  eating  beast  or  bird  that  had  died  a 
natural  death.  Various  modes  of  killing  fish  are  practised  by  different 
people.  The  Dutch,  for  example,  destroy  life  by  making  a  slight  lon- 
gitudinal incision  under  the  tail  by  means  of  a  very  sharp  instrument. 

On  the  Rhine  they  kill  the  salmon  by  thrusting  a  steel  needle  into 
their  heads. 

Fish  may  be  easily  destroyed  by  striking  them  a  quick,  sharp  blow 
with  a  small  stick  on  the  back  of  the  head  just  behind  the  eyes,  or  by 
taking  them  by  the  tail  and  striking  the  head  quickly  against  any 
hard  substance. 

We  have  made  no  remarks  upon  the  destruction  of  animal  life  by 
means  of  deadly  poisons,  as  such  agents  cannot,  with  safety,  be  placed 
in  the  hands  of  the  unskilled.  Neither  have  we  spoken  of  the  use  of 
various  gases  as  a  means  of  humane  destruction,  such  means  not  being 
at  the  disposal  of  the  people  generally. 
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No.  4  —  On  the  Agricultural  Value  of  the  Ashes  of  Anthracite. 
By  F.  H.  Storbr,  Professor  of  Agricultural  Chemistary. 

The  question  "whether  the  ashes  of  hanl  coal  have  any  fertilizing 
power  ^  has  often  been  debated  in  New  England. 

It  is  a  not  unnatural  assumption  that  coal-ashes  should  have  some 
value  as  manure,  in  view  of  their  .analogy  with  wood-ashes,  and  of  the 
current  belief  that  coal  has  been  derived,  if  not  from  wood,  at  least 
from  plants  of  some  kind.  But  ooal  is  a  substance  that  has  under- 
gone many  changes,  and  we  have  to  consider,  not  only  what  proper^ 
tion  of  the  potash  and  phosphoric  acid  originally  contained  in  the 
coal-producing  vegetation  has  been  left  in  the  coal,  but  how  much  of 
the  potash  and  phosphoric  acid  in  a  coal  is  left  in  tho  ash  of  that  coal 
in  a  condition  fit  for  the  use  of  growing  plants*  In  other  words,  we 
must  inquire  how  much  of  the  original  potash  and  phosphoric  acid 
have  been  washed  out  by  water  while  the  coal  was  being  formed,  or 
have  been  looked  up  and  compounded  by  the  action  of  heat,  —  either 
the  heat  to  which  the  coal  may  have  been  subjected  while  forming;  or 
that  which  it  must  necessarily  undeigo  when  burned. 

Several  attempts  to  answer  the  main  question,  in  part  at  least,  have 
been  made  by  way  of  analysing  the  coal-ashes.*  But  in  the  present 
imperfect  condition  of  chemical  art  we  can  hardly  hope  to  determine 
by  analysis  alone  what  portion  of  the  potash  and  phosphoric  acid 
actually  found  in  coal-ashes  is  fit  and  ready  to  ^erve  as  plantrfood.  On 
the  other  hand,  very  many  farmers  and  gardeners  have  tried  to  esti- 
mate the  value  of  coal-ash  by  noting  its  action  upon  crops  in  actual 
field  practice,  and  it  is  with  regard  to  the  results  of  these  tests  that 
diBCussions  have  arisen  in  our  agricultural  societies.  In  point  of  fact, 
it  is  not  easy  to  come  to  any  very  nice  or  very  definite  conclusion  in 
this  way ;  the  experiment  is  necessarily  complicated  by  bringing  the 
ashes  into  the  presence  of  a  great  variety  of  substances,  —  both  those 
natural  to  the  soil  and  those  which  have  been  added  to  it  by  previous 
manuring,  —  and  unless  the  ashes  possessed  decided  and  well-marked 
fertilizing  power  it  might  often  happen  that  they  could  not  exhibit 

*  See,  for  example,  Bonce,  "  Welb's  Annual  Scientific  Discovery/'  1851,  p.  305 ; 
Horaford,  "Proceedings  American  Scientific  Asiociation/'  1S49,  p.  S8d. 


BdUUCmi  Of  THK  BUSSBT  kHSTITUTIOIL  &1 

their  tme  wortk  in  the  &ce  of  these  disturbing  inflaence&  It  is  prob- 
able, moreoyer,  that  the  materials  thus  tested  realty  differed  widely 
axxumg  thexQAelyes  as  regards  the  amount  of  wood-ashes  contained  in 
'  them.  It  la  weU  known  that  a  kxge  prop(»rtion^  if  not  mostv  of  the 
coal-ash  obtained  from  domestic  .fir^  is  mixed  with  more  or  less  wood* 
'  ashes,  deriyed  from  the  kindling  materials  or  from  wood  used  in  con- 
junction with  the  coaL  It  often  happens,  indeed,  that  the  proportion 
of  wood-aahea  i»  so  large  that  the  mixture  has  from  that  cause  decided 
yalne  as  a  fertilizer. 

In  consequence  of  this  lack  of  pnrity,  so  to  speak,  of  the  a^es  used, 
many  <^  the  field  experiments  lAidi  haye  been  made  hitherto  haye 
had  little  or  no  bearing  upon  the  question  as  to  the  yalue  of  coal-ashes. 
Sach  tests  haye  beem  useful,  no  doubt,  in  so  &r  as  they  gaye  informa- 
tion  ocmeeming  the  ashes  of  the  particular  house  or  fire  whence  they 
wece  procured,  but  they  lack  general  significance.  There  can  be  no 
doubt^  howeyer,  but  that  the  field  experiments,  taken  all  together, 
have  proyed  pretty  oondusiyely  that  coal-ashes,  when  free  from  wood- 
aabes^  have  no,  great  fertilizing  power.  And,  in  fact,  th«:e  seems  to 
preyaU.  among  the  fiumers  of  New  England  a  yery  generally  difiiised, 
thou^  perhaps  a  not  yeiy  firm  or  well-defined  belief  that  coal-^ishes, 
by  themselyes,  haye  no^  agricultural  yahie  whatever,  excepting  in 
so  fiu:  as  they  may  be  made  to  serye  as  well  as  an  equal  quantity 
of  sand  or  gravel  for  the  mechanical  improvement  of  low-lying  peaty 
soils. 

In  the  hope  of  gaining  some  definite  knowledge  which  might  serye 
to  settle  the  question,.  I  have  subjected  ooal-ashes  to  still  another 
method  of  iuvestigation ;  to  the  method,  namely,  of  growing  plants 
in  a  considerable  number  of  pots  of  ashes  treated  in  such  wise  that 
in  each  pot  the  ashes  might  supply  to  die  plant,  if  they  could,  some 
one  or  more  of  the  ingredienta  needed  for  its  growth.  The  ashes 
employed  in  these  experiments  came  fix>m  the  burning  of  hard  white- 
aah  anthracite  coal  firom  Pennsylvania  in  two  of  the  furnaces  used  for 
heating  the  stone  building  of  the  Bussey  Institution.  '  Care  was  taken 
80  to  manage  the  fires  that  no  wood-ashes  could  by  any  possibility  be- 
come mixed  with  the  ash  of  the  coal.  The  ashes  were  sifted  through 
a  sieve  carrying  four  meshes  to  the  inch,  and  were  kept  protected 
frx>m  dust  and  frimes.  The  experiments  were  conducted  in  the  glass- 
house, or  conservatory,  which  constitutes  one  room  in  the  Bussey 
Laboratory. 
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Several  sets  of  experiments  have  been  tried.  Those  of  the  first  set 
(designated  Series  A)  were  made  in  the  spring  of  1872  with  ashes  from 
a  furnace  in  which  they  had  been  exposed  to  a  oomparativelj  high 
temperature.  The  purpoto  of  this  first  series  of  experiments  was  to 
find  a  plant  well  fitted  to  support  at  one  and  the  same  time  the  hard- 
ships of  living  in  a  glass-house  and  of  growing  in  a  very  poor  soiL 

A  number  of  clean  earthen  flower-pots  were  charged  with  various 
sands  and  soils, — among  other  things,  with  five  hundred  grammes  of  the 
coal-ashes  to  the  pot,  —  and  planted  with  seeds  of  oats,  barley,  beans, 
clover,  maize,  buckwheat,  turnips,  etc.  Each  pot  was  watered  freely 
with  rain-water,  poured  into  its  saucer,  during  three  months,  and  the 
condition  of  the  plants  was  noted  from  week  to  week.  None  of  the 
plants  really  prospered  in  the  coal-ashes.  The  beans  and  peas  grew 
to  a  considerable  height,  it  is  true,  but  it  was  plain  that  the  matter 
of  which  the  new  parts  of  these  plants  were  formed  came  chiefly  from 
the  older  parts.  The  nitrogen,  at  all  events,  needed  for  the  formation 
of  new  leaves  and  stems,  was  apparently  the  same  that  had  taken  part 
in  the  formation  of  the  first  shoots  and  leaves  derived  from  the  seed. 
This  continued  growth  by  instalments,  based  upon  the  original  stock  of 
substance  in  the  seed,  was  well  m&rked  in  the  case  of  nasturtiums  also. 
Some  other  plants  derived  fix)m  large  seeds,  such  as  lupins  and  maize, 
shot  up  to  a  noticeable  height  by  help  of  the  store  of  nourishment  in 
the  seeds  planted.  But  out  of  seventeen  kinds  of  seeds  sown,  no  sin- 
gle crop  came  to  maturity. 

The  general  result  of  the  trials  was  to  indicate  that  buckwheat  is  a 
plant  well  suited  for  this  kind  of  experiment. 

A  special  experiment,  tried  simultaneously  with  the  foregoing,  gave 
a  very  striking  result,  as  follows :  On  March  18,  1872,  ten  barley- 
corns  were  put  to  soak  in  water  for  twenty-four  hours,  and  were  sub- 
sequently made  to  germinate  in  a  porous  earthen  dish  kept  covered 
and  moist.  All  the  seeds  germinated  successfully,  in  spite  of  weather 
cold  enough  to  occasionally  fr-eeze  the  water  in  and  about  the  dish 
that  contained  them.  On  April  2  the  sprouted  seeds  were  planted 
in  coal-ashes,  in  an  earthen  pot  five  inches  in  height  and  diameter  ]^ 
the  pot  was  placed  in  the  glass-hoiise  and  gradually  brought  into 
sunlight,  so  that  on  April  9  it  was  in  position  beside  the  other  pots. 
During  the  following  week  the  barley-plants  grew  tolerably  well,  but, 
like  all  the  rest,  they  soon  began  to  languish,  and  when  about  four 
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inches  high  remained  wellnigh  stationary ;  what  little  growth  there 
was  at  the  top  being  for  the  most  part  supported  by  the  transfer  of 
matter  originally  contained  in  the  lower  leaves.  On  April  30,  when 
the  plants  in  this  crowded  pot  were  white  and  almost  completely 
dead,  a  dilute  solution  of  nitrate  of  lime  was  substituted  for  the  rain- 
water which  the  plant  had  previously  received,  and  this  special  pot 
was  thenceforth  watered  solely  with  the  nitrate  solution.  All  but 
two  of  the  dying  plants  slowly  recovered  under  this  treatment.  In 
a  fortnight  they  had  become  thrifty,  in  three  weeks'  time  they  were 
vigorous,  and  by  the  end  of  May  they  exhibited  a  luxuriant  growth. 

Eight  plants  were  harvested  in  August,  each  two  feet  tall  and  bear 
ing  good-sized  ears  filled  with  mature  grain.     The  weight  of  the  crop 
dried  at  lOO**  C.  was  13.778  grammes.*  ' 

By  analysis,  these  plants  were  found  to  contain,  grain  and  straw 
together,  7.98  per  cent  of  ashes,  and  the  ashes  contained,  — 

24.09  per  cent  of  silica, 
10.67  «         lime, 

6.41  ^         magnesia, 

1.12  <*         potash, 

4.08  ^<         phosphoric  acid, 

1.44  *^         sulphuric  acid, 

besides  other  things  not  determined. 

A  somewhat  similar  experiment  was  tried  with  the  five  oat-plants 
of  Series  A,  and;  although  the  plants  had  been  left  to  starve  until 
their  lower  portioulb  had  become  so  hard  and  callous,  before  the 
attempt  to  save  them  was  made,  that  they  were  almost  useless,  three 
of  the  plants  slowly  revived  under  the  influence  of  a  dilute  solution 
of  nitrate  of  soda,  aqd  finally  came  to  maturity.  Soon  after  the 
nitrate  began  to  be  used  the  white  stalks  and  leaves  of  the  oat-plants 
became  green,  and  when  harvested  the  plants  were  seventeen  inches 
high,  and  ^h  of  them  bore  five  or  six  seeds. 

These  preliminary  trials  indicated  very  clearly  that,  whatever  else 
the  coal-ashes  under  exi^ination  might  lack,  the  first  thing  to  be 
added  to  them  was  a  supply  of  nitrogen,  v  Hence  the  following  series 

*  The  fire  harley-plants  of  Series  A,  grown  in  coal-ashes  at  the  same  time  as  the 
above,  in  a  similar  earthen  pot,  and  under  like  conditions,  excepting  that  they 
were  watered  with  rain-water  alone,  yielded  only  0.4051  grammes  of  total  crop, 
dried  at  lOOP. 
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of  experiments  (B),  whicli  were  made  in  the  autmnn  of  1872,  upon 
ashes  of  the  same  quality  as  those  used  in  A.  Eleyen  wide-mouthed 
glass  jars  (preserve^jars)  were  each  charged  with  525  grammes  of  the 
coal-ashes.  Three  buckwheat  seeds  were  planted  Octob^  28  in  eaob 
jar,  and  aU  the  jars  were  watered  with  rainrwater  until  the  seeds  had 
germinated  and  the  young  plants  had  begun  to  grow  independently  of 
the  seed.  Thenceforth  each  jar»  excepting  one  that  got  nothing  but 
rain-water,  was  watered  either  with  a  very  weak  solution  of  nitrate  of 
potash,"*^  nitrate  of  lime,t  nitrate  oi  ammcmia,''^  sulphate  ei  magnesia^* 
or  phosphate  of  potashy"*^  or  with  a  mixture  of  two  or  more  of  thesa 
solutions. 

The  result  of  these  tiials  will  appear  from  the  following  table :  — 


No.  of 


1 

2 

8 

4 
0 
6 


8 


9 


10 


11 


irateNdwlUi 


Nitrate  of  potash 

!  Sulphate   of    mag* 
neiia   .... 


} 


'} 


Nitrate  of  lime 

{Nitrate  of  potash  and 
sulphate    of  mag* 
nesia    .    .    . 
Bain-water 


Nitrate  of  ammonia . 

Phosphate  of  potash 

{Nitrate  of  lime  and^ 
phosphate  of  pot-  > 
••h I 

r  Sulphate  of  mag-  ^ 
<  nesia  and  phos- 
l  phate  of  potash  . 
^Nitrate  of  Ume,  sul- 
phate of  magnesia, 
phosphate  of  pot- 
ash   

f  Nitrate  of  lime,  ni- 
trate of  potash,  sul- 
phate of  magnesia, 
phosphate  of  potash 


The  ocpp  (barvMrted  Jan.  S,  1878). 


Wefgfaad 


i  dried  at 
0  to  100 
deg*8  0.). 


0.66& 
0.095 

1.860 

0.720 
0.090 
0.840 
0.185 

L865 
0.105 

1.040 


1.050 


Onwtoh«l|^t 
iainoliMt 


C  2  plants  =  18    ) 
>1      -      =11*5 


1 
1 
1 
1 
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1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
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U 
U 
U 
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U. 
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1  " 

3     " 
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[!  :  :  m 


14 

18i 

11 

mx 

7 

12i> 
12   5 

7 

6 
ft  ^ 

!?} 

a 


« 


] 


Had 
aeeda. 


16 


fl     ••     =18  T 


28 
8 

28 

21 

2 

22 

4 

87 
2 

88 


25 


{ 


Than  vara  only 
two  plaatB. 


Onlj  two  planti. 


Onlj  two  idmli. 


*  0^25  gramme  to  the  litre. 


« 

t  1.00  gramme  to  the  litre. 
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The  weight  of  the  three  buckwheat  seeds  planted,  afi  deduced  from 
the  mean  of  a  number  of  weighings,  was  a  little  more  than  0.06  gramme. 

If,  for  the  sake  of  comparison,  we  call  the  weight  of  the  crop  ob- 
tained from  the  ashes  hj  water  alone  =  1,  then  the  weight  of  the 
other  crops  will  be  respectively  as  follows  :  — 


No.  of 
thtjar. 


8 
S 

11 
10 

e 

4 

1 

7 
9 
2 
5 


Chtmieali  cmploj«d. 


Nitrate  of  lime  and  phosphate  of  potash     .    .    . 

Nitrate  of  lime 

C  Nitrate  of  lime,  nitrate  of  potash,  sulphate  of) 
\  magnesia,  and  phosphate  of  potash  *  *  •  •  > 
C  Nitrate  of  lime,  sulphate  of  magnesia,  and  phos-  ) 
\     phate  of  potash ) 

Nitrate  of  ammonia     * 

Nitrate  of  potash  and  sulphate  of  knagnesia    .    . 

Nitrate  of  potash 

Phosphate  of  potash 

Sulphate  of  magnesia  and  phosphate  of  potash  . 

Sulphate  of  magnesia 

Rain-water 


Oompufttbe  ytold 

of  drf  Bubstanoe ; 

the  crop  bj  ivfttor 

alone  83  1. 


15.16 
15.00 

11.66 

11.55 

9.88 
8.00 
7.17 
1.50 
1.17 
1.06 
1.00 


Experiments  like  these  are  almost  inevitably  exposed  to  a  variety 
of  accidents,  such  as  the  £siilure  of  some  seeds  to  germinate,  «nd  the 
occasional  death  of  a  young  plant  at  the  critical  moment  when  support 
from  the  seed  ceases  and  the  plant  is  thrown  upon  its  own  resources. 

In  general,  results  obtained  in  this  way  must  be  looked  upon  as  ap- 
proximations to  the  truth,  rather  than  as  absolutely  correct  But  sev- 
eral of  the  results  above  tabulated  are  very  iitriking.  It  is  plain  that 
the  ashes  used  must  have  contained  appreciable  quantities  of  potash 
and  phosphoric  acid,  as  well,  of  course,  as  the  lime,  magnesia,  sul- 
phuric acid,  and  iron  which  are  necessary  for  the  growth  of  plants ;  for 
on  the  addition  of  nitrogenized  salts  to  the  ashes  abundant  ctops  of 
buckwheat  and  of  barley  could  be  readily  grown.  The  action  of  the 
nitrates  is  well  marked,  and  beneficial,  in  every  instance.  The  solu- 
tion of  nitrate  of  lime,  which  was  much  richer  in  nitibgen  than  either 
of  the  others,  gave  a  crop  twice  afi  large  as  that  yielded  by  nitrate  of 
potash,  and  the  jar  watered  with  nitrate  of  ammonia,  though  containing 

4 

only  two  plants,  produced  more  than  that  watered  with  nitrate  of  pot- 
ash, —  apparently  because  it  received  a  larger  quantity  of  nitrogen. 
The  addition  of  potash  and  phosphoric  acid,  as  in  jar  No.  8|  did  little 
or  no  goody  while  sulphate  of  magnesia  seemed  to  do  harm. 

It  remained  to  be  seen  whether  the  ashes  were  any  better  in  respect 
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to  potash  and  phosphoric  acid  than  ordinary  sand.  In  the  hope  of 
throwing  some  light  upon  this  point,  a  series  of  experiments  (C, 
planted  December  9,  1872)  was  undertaken,  precisely  similar  to  those 
in  Series  B,  with  the  exception  that  the  525  grammes  of  ashes  were  re- 
placed bj  1,000  grammes  of  pit-sand  taken  from  an  excavation  in  the 
field  next  adjoining  the  Plain-field  of  the  Bussey  Institution.  This 
pit-sand  constituted  a  bed  or  layer  two  or  three  feet  thick  in  the  coarse 
drift,  granitic  (?)  gravel  of  the  locality,  and  was  situated  about  three 
feet  below  the  surface  of  the  ground.  The  sand  was  dug  out  by  it- 
self, apart  from  the  gravel,  to  be  sold  for  making  mortar.  It  was  a 
clean,  gritty,  yellow  sand,  composed  mainly  of  quartz,  and  seemed  at 
the  first  glance  to  be  sufficiently  ill-adapted  for  the  support  of  grow- 
ing plants,  though  on  closer  inspection  fragments  of  several  kinds  of 
rocks  could  be  seen  everywhere  interspersed  among  the  siHcious  par- 
ticles. The  sand  was  placed  in  the  jars  in  the  condition  in  which  it 
was  obtained  at  the  pit.     It  was  not  washed  or  purified  in  any  way. 

The  results  of  these  experiments  are  set  forth  in  the  following 
table :  — 


No.  of 


2 
8 


5 
6 

7 

8 


9 


10 


11 


The  i4t«nd  wu 
watered  with 


Nitrate  of  potash  * . 

{Sulphate  of  magna-  ) 
ria 5 

Nitrate  of  lime    .    . 

r  Nitrate  of  potash  and  "j 

<    sulphate  of  magne-  > 

I  sia J 

Kain-water.    .    .    . 
Nitrate  of  ammonia 
Phosphate  of  potash 
Nitrate  of  lime  andl 
phosphate  of  pot-> 

ash 3 

Sulphate  of  magne- ^ 
sia  and  phosphate 
of  potash ..... 
Nitrate  of  lime,  sul-  | 
phate  of  magnesia,  I 
and   phosphate   of  | 

potash J 

Nitrate  of  lime,  ni- ] 
trate  of  potash,  sul-  | 
phate  of  magnesia,  V 
phosphate  of  pot-  | 
ash J 


The  nop  (burested  Bfazch  4, 1878). 


Weighed  In 
ffnunmee 
(dried  «t 
90  to  100 

degrees  0.). 


1.410 
0.860 
1.600 

1.485 

0.065 
1.075 
0.825 

1.715 
0.145 


1.980 


1.760 


Grew  to  hel^^t 
in  inehee. 


best 


15 
18 
14 

14 

8 
15 
18 


best  a=  20 


9 


17 


17 


Had 


27 

7 
16 

22 

li 

29 
2 

29 


29 


Onlj  two  plunii. 
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If,  as  before,  we  refer  the  weights  of  the  several  crops  to  the  weight 
of  that  with  water  as  unity,  the  results  will  stand  as  follows  :  — 


No.  of 
the  Jar. 


10 

11 

8 
8 
4 
1 
6 
2 
7 
9 
5 


Chemioalf  added  to  Uie  pit<«Ad. 


I 


C  Nitrate  of  lime,  sulphate  of  magnesia,  and  phos- 
(     phate  of  potash 

{Nitrate  of  lime,  nitrate  of  potash,  snlphate  of 
magnesia,  phosphate  of  potash 

Nitrate  of  lime  and  phosphate  of  potash     .    .    . 

Nitrate  of  lime 

Nitrate  of  potash  and  sulphate  of  magnesia    .     . 

Nitrate  of  potash 

Nitrate  of  ammonia 

Sulphate  of  magnesia 

Phosphate  of  potash 

Snlphate  of  magnesia  and  phosphate  of  potash  . 
Bain-water 


CompaiatiTe  yield 

of  dry  Bubetanoe ; 

the  crop  by  water 

alone  ■>  1. 


80.46 

27.01 

26.88 

24.62 

22.85 

21.64 

16.58 

5.54 

5.00 

2.28 

1.00 


These  results  were  somewhat  unexpected.  The^  indicate  clearly 
that  the  thousand  grammes  of  sand  gave  up  to  the  plants  more  potash 
and  phosphoric  acid  than  the  five  hundred  and  twenty-five  grammes 
of  coal-ashes  did ;  though  we  are  left  in  some  doubt  as  to  whether  the 
sand  is  absolutely  superior  to  the  ashes,  weight  for  weight.  It  may 
be  that  the  better  effect  produced  by  the  sand,  as  compared  with  the 
ashes,  is  due  to  the  fact  that  a  larger  amount  of  it  was  employed.  It 
is  true,  moreover,  that  the  comparatively  coarse  and  incoherent  sand 
affords  better  standing-room  for  plants  than  a&hes  can.  The  tender 
rootlets  push  their  way  through  the  sand  in  all  directions  more  readily 
than  is  possible  in  the  comparatively  compact  ashes. 

It  is  plain,  however,  from  the  foregoing  trials,  that  no  general  answer 
can  be  made  to  the  question  whether  eoal-ashes  possess  more  fertiliz- 
ing power  than  sand.  For,  inasmuch  as  the  experiments  prove  that 
the  coal-ashes  examined  were  no  better  than  a  sample  of  pit-sand,  of 
nearly  equal  bulk,  selected  at  random,  the  question  as  to  the  relative 
merit  of  ashes  and  sand  necessarily  becomes  a  special  one,  which  must 
be  asked  afresh  for  the  sand  of  each  new  locality,  and  which  can  be 
answered  only  by  experiments  miBide  upon  each  particulsu*  sand.  The 
fact  remains,  however,  no  less  interesting  than  remarkable,  that  an 
average  sample  of  the  apparently  sterile  silicious  sand  of  this  vicinity 
has  been  found  to  contain  appreciable  quantities  of  potash  and  phos- 
phoric acid  in  a  condition  fit  to  be  taken  up  by  plants  on  the  addition 
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of  nitrogenized  compounds.  This  fact  explains  at  once  the  power  of 
bearing  trees  which  is  possessed  by  much  of  the  sandy  and  gravelly 
**  drift  ^  of  Eastern  Massachusetts.  As  is  well  known,  many  of  our  drift 
hills  and  ridges  have  been  devoted  to  the  growth  of  hardwood  inces- 
santly for  a  very'  long  period.     Every  twenty  or  thirty  years  the  trees 

• 

are  cut  down,  and,  the  sprouts  'which  spring  from  their  stumps  being 
suffered  to  grow,  a  new  crop  of  firewood  is  found  ready  for  the  axe  at 
the  end  of  another  term  of  twenty  or  thirty  years.  This  practice  of 
continually  growing  and  carrying  off  a  single  crop  without  respite, 
manure,  or  rotation  has  already  been  adduced  by  Professor  Johnson 
as  an  excellent  illustration  of  what  farmers  call  working  on  the  natu- 
ral strength  of  the  land.  But  the  experiments  of  Series  C-go  to  show 
that  in  some  instances  at  least,  and  probably  in  most,  where  treee 
flourish  upon  drift,  the  elements  of  strength  are  contained  in  the  very 
sand  itself.  So  long  as  there  is  a  deposit  of  humus  on  the  surface  of 
the  land  to  supply -the  necessary  nitrogen,  there  is  no  need  of  supposing 
that  much  of  the  food  consumed  by  the  trees  must  be  brought  to  them 
from  afar  by  the  soil-water,  for,  as  has  just  been  shown,  the  sand  in 
which  the  trees  stand  may.be  competent  to  supply  potash,  phosphoric 
acid,  and  the  other  ash  ingredients. 

The  experimept  enforces  the  lesson  that  glacier  sand  (such  as  com- 
poses the  New  England  drift)  is  ordinarily  a  very  different  thing 
from  the  sea-sand  of  the  dunes  upon  the  Atlantic  coast  It  is  plain, 
for  that  matter,  that  a  quantity  of  crushed  rocks  and  minerals  slowly 
undergoing  decomposition  and  disintegration,  through  the  agency  of 
fresh  water  and  the  matters  held  in  solution  by  such  water,  in  heaps 
or  hills  such  as  glacial  action  has  thrown  up  all  over  the  Northern 
United  States,  must  usually  contain  a  much-  larger  proportion  of  plant 
food  than  sand  that  has  been  formed  upon  sea-beaches  from  the  same 
kinds  of  rocks.  From  the  sand  that  forms  the  dunes  almost  every- 
thing but  silica  has  doubtless  been  removed  through  long-continued 
grinding  of  the  rocky  materials  upon  the  beach  in  a  saline  solution 
that  was  continually  changed  and  renewed. 

Another  series  (D)  of  experiments  was  next  undertaken  in  order  to 
compare  the  pit-sand  with  coal-ashes  under  precisely  similar  condi- 
tions as  to  the  time  and  season  in  which  the  crops  grew,  and  also  to 
compare  the  ashes  and  pit-sand  both  with  a  very  poor  sand  and  a 
very  fertile  one.     Four  sets  of  glass  jars,  each  set  containing  sixteen 
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jars,  were  charged  as  follows :  The  first  set  with  526  grammes  of 
ashes  from  hard  whit^ash  anthracite  coal  from  Pemisylyania.  This 
coal  was  taken  from  a  different  lot  from  that  which  furnished  the 
ashes  used  in  the  experiments  of  Series  A  and  B.  It  was  burned, 
moreover,  in  a  much  shallower  furnace,  and  one  surrounded  upon  all 
sides  by  a  "  water-back "  or  jeicket  through  which  water  continually 
circulated,  so  that  much  of  the  ashes  may  never  have  been  subjected 
to  so  high  a  temperature  as  that  to  which  the  greater  part  of  the 
ashes  used  in  Series  A  and  B  were  inevitably  exposed.  Some  por- 
tions of  these  ashes  frx)m  the  shallow  furnace,  and  many  of  the  frag- 
ments of  unbumt  coal  which  were  mixed  with  them,  undoubtedly 
came  through  the  grate  bars  without  ever  having  been  even  strongly 
heated. 

The  second  set  of  jars  received  1,370  grammes  of  pit-sand  similar 
to  that  used  in  Series  C.  The  third  set  was  charged  with  1,350 
granmies  of  the  pure  white  quartz  sand  of  Berkshire  County,  in  this 
State,  such  as  is  used  at  the  flint-glass  works  of  this  vicinity.  The 
fourth  set  was  filled  with  1,210  grammes  of  "West  Jersey  Green 
Sand  Marl "  from  New  Jersey. 

Three  buckwheat  seeds  were  planted  in  each  jar  on  the  11th  of 
January,  1873,  and  in  due  course  the  jars  were  watered  with  weak 
solutions  of  various  chemicals,  applied  either  singly  or  admixed,  as 
in  Series  B  and  C.  The  kinds  and  strengths  of  thejse  solutions  will 
appear  from  the  following  list. 

Sulphate  of  magnesia,  sulphate  of  lime,  chloride  of  potassium,  and 
phosphate  of  potash,  each  0.25  gramme  to  the  litre. 

Nitrate  of  lime  1  granmie  to  the  litre,  nitrate  of  potash  1.25 
gramme  to  the  litre,  and  nitrate  of  ammonia  0.5  gramme  to  the  litre. 
The  three  nitrogenized  solutions  were  made  of  such  strength  that  a 
litre  of  each  of  them  contained  as  much  nitrogen  as  was  contained  in 
a  litre  of  the  nitrate  of  lime  solution  employed  in  Series  B  and  C. 
The  results  of  thede  experiments  are  given  in  the  following  tables :  — 
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Series  D.     Set  1.     Coal-Ashbb. 


No.  of 


1 
2 
8 

4 

5 

6 


8 


9 


10 


11 


12 


18 


14 


15 


16 


TheadiMinere 
mterediviyi 


The  crop  (harvested  Mftiok  14, 1878). 


Weighed 

in 
ffmninefl 
(dried  at 
90  to  100 
deg'aC). 


Ozew  to  hei^t 
in  inches. 


(  Sulphate  of  magne-  )  i   «  qi  a 


Sulphate  of  lime    . 

( Chloride    of  potas- 
(    sium     .    .  ,  .    .    . 

Phosphate  of  potash 


! 


Nitrate  of  potash    . 

Nitrate  of  lime    .    . 

Nitrate  of  ammonia 

Bain-water     .    .    . 

(  Nitrate  of  potash  and  ) 
(  phosphate  of  potash ) 
(  Nitrate  of  lime  and  ) 
{  phosphate  of  potash  ) 
Nitrate  of  potash  and  \ 
sulphate  of  magne-  > 

sia ) 

j  Phosphate  of  i>ota8h  ) 
]  and  sulphate  of  lime  ) 
{  Phosphate  of  pot-  j 
)  ash  and  sulphate  of  v 
(    magnesia .     .    .    . ) 

(Nitrate  of  lime,  phos-  ^ 
phate     of    potash, 
sulphate    of   mag- 
nesia     

r  Nitrate  pf  lime,  phos- 
}  phate  of  potash, 
(  sulphate  of  lime  . 
Nitrate  of  lime,  chlo- 
ride of  potassium, 
phosphate  of  pot- 
ash, sulphate  of 
magnesia  .... 


1.860 

0.860 

1.170 

1.950 
1.800 
a920 
1.160 

2.200 
1.265 

1.400 

1.825 

1.870 

2.165 

1.685 


2.580 


f 


1 


I 


plant  ^ 


2 


(C 

<c 
u 

« 

M 
M 
<( 
« 
M 
<C 
« 
(C 
« 

« 

<C 
« 
<C 

U 

it 
cc 
<c 
« 

« 


=  16) 
=  14} 


<( 


1  " 
1  " 
1     " 


9 

16 
12 
10 
16) 

14) 
16) 

14  f 


=  18) 
=  10f 
16) 

20] 
16  < 


=  20 


17 
16 
18 
18 
12 

18  I 
12  > 


=  18) 
=  12} 


( 1      «      =  17  ) 
I  2      "      =  16  ( 


=  16 


16 
15 
10 


Had 
leeds. 


21 

19 

6 

84 

84 

28 

9 

19 

18 
16 

22 

5  i 
27 


85 


8 


26 


Only  two  idanfen 


Beaidea  flowen. 


Only  one  plant. 


Seveial  flowen. 


Only  two  plania. 


Many  flowen. 

(Only  two 

J  plantB. 

(  Many  flowBn< 


Many  flowen. 

Many  flowen. 
Only  two 
pknti. 


SeTeial  flowen. 


'^wfloweca. 
Only  two 
pii^itf- 


Many  flowen. 
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Series  D.    Set  2.    Pit-Sand. 


No.  of 


1 

2 

8 

4 


6 


8 
9 
10 
11 
12 
18 

14 


15 


16 


The  plt-Baad  wu 
wiiered  with 


Sulphate  of  magne-  ) 
8ia J 

Sulphate  of  lime 

Chloride    of  potas-  I 
slam ) 

Phosphate  of  potash 
Kitrate  of  potash 

Kitrate  of  lime    .    . 

Nitrate  of  ammonia 


Bain-water 


•    •    • 


{Nitrate  of  potash  and  ) 
phosphate  of  potash  ) 

( Nitrate  of  lime  ai^  ) 
]  phosphate  of  potasn  ) 
}  Nitrate  of  potash  and  \ 
}   sulphate  of  magne-  > 

<    «i» ) 

{Phosphate  of  potash  ) 
and  sulphate  oflime  ) 
i  Phosphate  of  potash  ^ 
)  and  sulphate  ofS 
^   mag^nesia .    .    .    . ) 

(Nitrate  of  lime,  { 
phosphate  of  pot-  I 
ash,  sulphate  of  f 
magnesia .  .  .  .  j 
Nitrate  of  lime, 
phosphate  of  pot- 
ash,    sulphate    of 

lime 

Nitrate  oflime,  chlo- 
ride of  potassium, 
phosphate  of  pot- 
ash, sulphate  of 
magnesia .    «    . 


Tb«  csop  (hsrrwtod  Mazoh  14, 1878). 


Weighed 

in 

grammef 
(dried  at 
90  to  100 
deg's  C.)- 


0.180 

0.100 

0.115 
0.090 

2.620 

2.510 

2.190 
0.120 
2.480 
2.480 
2.900 
0.170 
0.070 

8.005 


2.965 


2.665 


Grew  to  hdght 
in  inches. 


( 1  plant  =    9  ) 
]2     «      =    7J 


1 
I 

1 

1 


2 


I 


8 


2 


1 
1 
1 


1 
2 


« 
« 

u 

« 

« 

« 
M 
C< 
<( 
«< 
•< 
« 
« 
<« 
«C 

<c 

M 


« 


« 


u 


9 
7 
9 
7 
5 

?! 
SI 

19 
17 
15 
21 
19 
18 
19 
18 
17 

9 

8 
22 
18 
15 


zl] 


=  201 
=  17) 


( 1      "      =  19  ) 

\2     "      =  15  J 


=    8 


=    7 


(I     "      =  19 ) 
\2     "      ==  14  J 


24 
17 
16 


17) 
16  J 


Had 
leeds. 


4 

2 

4 
4 

51 
70 
48 

40 

46 

41 

2 


48 


65 


89 


BemariEB. 


▲  Aw  flow< 


Only  two  plants. 
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In  comparing  the  results  of  these  trials  with  those  obtained  in 
Series  C,  it  is  to  be  obserred  that  the  plants  in  Series  D  (planted 
January  11)  were  exposed,  not  only  to  more  daylight  than  those  plant- 
ed a  month  earlier,  but,  as  it  happened,  to  much  more  sunlight. 
Their  life  was  more  vigorous  than  that  of  the  plants  in  Series  C. 
Owing  to  the  inevitable  variations  of  the  seasons,  it  is  important  that 
experiments  of  this  sort  should  be  made  side  by  side,  in  order  that 
the  results  obtained  may  be  strictly  comparable. 

The  nitrogenized  solutions  employed  in  Series  D  were  stronger 
than  those  used  in  the  preceding  series,  excepting  only  the  solution 
of  nitrate  of  lime.  Due  allowance  must  be  made  in  several  instances 
where  one  or  more  of  the  seeds  planted  failed  to  grow.  As  has  been 
stated  already,  the  coal-ashes  of  Series  D  were  obtained  from  a  differ- 
ent furnace  from  the  one  that  supplied  the  ashes  of  Series  A  and  B, 
and  from  another  lot  of  coal.  It  is  plain  from  the  results  tabulated 
above,  as  it  was  from  the  appearance  of  the  plants  during  their 
growth,  that  the  ashes  of  Series  D  contained,  or  in  some  way  sup- 
plied to  the  plants,  a  small  proportion  of  nitrogen.*  So  good  a  crop 
was  obtained  from  these  ashes  by  the  use  of  rain-water  alone,  as 
wpll  as  by  the  use  of  rain-water  containing  matters  which  had  been 
found  by  the  experiments  of  Series  A,  B,  and  C  to  be  useless  in  the 
absence  of  nitrogen,  that  the  best  crops  in  this  set  of  ash  experiments 
seem  small  by  comparison.  Yet  the  absolute  weight  of  the  crop  watered 
with  nitrate  of  lime,  for  instance,  is  greater  in  Series  D  than  in  Series  B. 

*  I  am  at  present  unable  to  explain  the  oocnrrence  of  nitrogen  in  this  connec- 
tion. No  compoond  of  cyanogen,  of  ammonium,  or  of  nitric  acid  could  be  detected 
in  the  ashes.  The  rain-water  of  course  contained  the  trace  of  nitrate  of  ammonia 
proper  to  it  But  how  little  importance  is  to  be  attached  to  that  source  of  nitrogen 
maj  be  seen  by  inspecting  the  results  of  the  experiments  upon  pit-sand  and  Berk- 
shire sand  as  well  as  the  previous  set  of  experiments  (Series  B)  with  ashes.  It  is 
conceivable,  perhaps,  though  hardly  probable,  that  the  nitrogen  of  torrefied  anthra- 
cite, like  that  of  roasted  leather,  may  be  available  for  plants.  The  matter  needs 
investigation. 
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Series  D.     Set  3.     Berkshire  Sand. 


Ka  of]  The  BeiAahire  sand 

Jur.  WM  watered  with 


2 
8 


6 


8 
9 


10 


11 


13 


18 


14 


15 


16 


! 


{Sulphate  of  magne- 
sia   

Sulphate  of  lime .    . 

(  Chloride    of  potas-  ) 
I   tiom ( 

Phosphate  of  potash 
Nitrate  of  potash .    . 


Nitrate  of  lime    .    . 


Nitrate  of  ammonia . 

Bain-water     .    .    . 
(  Nitrate  of  potash  and  ) 
j   phosphate  of  potash  ) 

i  Nitrate  of  lime  and  ) 
phosphate  of  potash  ) 
/  Nitrate  of  potash  and  ^ 
)  sulphate  of  magne-  > 
^  sia  ....'. ) 
(  Sulphate  of  lime, ) 
<  phosphate  of  potash  ( 
r  I^osphate  of  potash,  ^ 
)  sulphate  of  magne- 
^   sia 

(Nitrate  of  lime,  ^ 
phosphate  of  pot- 
ash, sulphate  of 
magnesia .... 
f  Nitrate  of  lime,phos- 
)  phate  of  potash, 
(  sulphate  of  lime  . 
'  Nitrate  of  lime,  chlo- 
ride of  potassium, 
phosphate  of  pot- 
ash, sulphate  of 
magnesia .... 


The  crop  (herrested  Bfazch  14, 1878). 


Weighed 

in 

grunmef 
(dried  at 
90  to  100 
deg'eC.) 


0.100 

0.140 
0.090 

.0.076 

0.295 

0.420 

0.870 

0.100 
0.685 

2.290 
0.200 
0.115 
0.145 

3.185 

1.985 


2.195 


Grew  to  height 
Inlnchee. 


1  plant 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

2 

1 

1 

2 

8 


1 
2 


! 


1 

2 

1 
2 


« 
« 

u 
u 
« 
u 
<( 
« 
« 
<c 
'« 

«4 
C( 
M 
« 
«< 
« 
« 
«< 

* 

a 
u 


C4 

S3 

9 

U 

= 

8 

M 

a 

7 

« 

^ 

5 

a 

^ 

7 

M 

cs 

5 

u 

1^ 

4 

« 


1  - 

1  ** 

1  «• 


16) 
HJ 

16) 
14  J 


19 
18 
15 


Had 
leeds. 


8 


8 


8 

7 
14 

4 

1 


87 


25 


24 


HAff^f^yfcf, 


Only  two  plants. 


'Plants  yellow 
and  unhealthy 
dispoeedtodrop 
leaTea  while 
■till  BaocQlent. 


Only  two  plante. 
Only  two  plants. 


Some  flowers. 
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The  foregoing  set  of  experiments  shows  very  clearly  how  plants  are 
affected  by  the  several  solutions  when  applied  to  a  really  sterile  sand. 


Series  D.     Set  4.     New  Jebsbt  Green  Sand. 


No.  of 


1 
2 

8 


6 

.7 

8 

9 

10 
11 
12 
18 

14 


15 


16 


The  green  Htod 
watered  wMi 


(  Solphftte  of  magne- 

]   sU 

(  Sulphate  of  lime .    . 


i  Chloride    of  potat- 1 
(    sium ' 


Phosphate  of  potash 

Nitrate  of  potash    . 

Nitrate  of  lime    .    . 
Nitrate  of  ammonia 

Bain-water     .    •    . 

{  Nitrate  of  potash  and  ^ 
\  phosphate  of  pot-  > 
(ash ) 

( Nitrate  of  lime, ) 
(  phosphate  of  potash  ) 
}  Nitrate  of  potash, 
\  sulphate  of  magne 
(  sia  .  .  .  . 
j  Phosphate  of  potash, ) 
I  sulphate  of  lime  .  ( 
Phosphate  of  potash, 
sulphate  of  magne 
sia  ...  . 
Nitrate  of  lime, 
phosphate  of  pot- 
ash, sulphate  of 
magn^esia .... 
/  Nitrate  of  lime,phos- 
)  phate  of  potash, 
(  sulphate  of  Ume  . 
Nitrate  of  lime,  chlo- ' 
ride  of  potassium, 
sulphate  of  magne- 
sia, phosphate  of 
potash 


Ll    1 

■I 


The  oxop  (harrested  Ifaioh  14, 1878). 


Weighed 
mei 


(dried  at 
90  to  100 
deg's  O- 


0.170 
0.090 

0.100 
0.085 

8.520 

8.080 
1.690 

b.l20 

8.060 

2.540 
2.580 
0.095 
0.065 

2.865 

2.640 


1.450 


Grew  to  height 
ininohei. 


1  plant 

2  " 


I 


8 


2 

1 
1 


8 


M 
M 
M 
U 
i( 
U 
U 
U 
M 
** 
(i 
tl 
U 
M 
M 
M 
M 
M 
(( 
(( 
W 
.  «( 
M 
C( 

<i 


i 


(( 
(( 


« 


8 


i\ 


14 


1 

(C 

=»16 

1 

{( 

=  14 

1 

M 

=  10 

1 

(( 

=  18 

1 

M 

=  11 

Had 
•eedfl. 


8 


22 

50 
81 

8 

26 

54 

17 

2 


89 


12 


Only  two  (liiili. 


Verj  imak 
growth. 


Some  hlneenmi. 


Some  blotfoma. 


Onlj  two  plants. 


Onlj  two  plantii 


A  ftiwblonoms. 


[Manyblnawnn 
Onljtwo 
plaoti. 
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It  will  be  seen  at  a  glance  that  the  TariouB  nitrates  taken  by  themselres 
are  bere  of  very  little  use.  Even  the  mixture  of  nitrate  of  potash  and 
phosphate  of  potash  in  jar  No.  9  fails  from  lack  of  lime.  But  the 
mixed  solutiona  which  contain  all  the  elements  needed  for  the  growth 
of  plants  yield  as  good  crops  in  the  sterile  sand  as  in  the  compare- 
tively  speaking  fertile  sand  of  the  other  sets  of  experiments. 

The  last  set  of  experiments,  Series  D,  Set  4,  illustrates  very  clearly 
the  fertilizing  power  of  the  New  Jersey  green  sandj  both  as  regards 
potash  and  phosphoric  acid,  as  well  as  the  importance  of  using  a 
nitrogenized  manure  in  conjunction  with  the  green  sand  in  order  that 
the  latter  may  produce  its  proper  effect  in  actual  field-practice.  It  is 
interesting  to  note  in  aU  the  experiments  how  readily  the  comparatively 
speaking  insoluble  '*  rock-phos{^ates  **  of  the  sands  are  put  to  use  by 
plants  that  are  duly  supplied  with  potash  and  nitrogen  and  the  other 
kinds  of  plant-food,  provided  the  soil  is  kept  moist. 

In  the  fc^wing  table  the  results  of  the  four  sets  of  experin]tents  of 


1 
2 
8 
4 
5 
6 
7 
8 

9 
10 
11 
12 
18 

14 

15 

16 


Ohemlcals  emjdoyed. 


Sulphate  of  magnesia  .    .    . 

Sulphate  of  lime    .... 

CHiloride  of  potaasiuin.    .    . 

Phosphate  of  potash    .    .    . 

Nitrate  of  potash    .... 

Nitrate  of  lime    ..... 

Nitrate  of  ammonia    .    .    . 

Bain-water 

Nitrate  of  potash  and  phos-  ) 
phate  of  potash    .    .    .    . ) 

Nitrate  of  lime  and  phosphate  ) 
of  potash ) 

Nitrate  of  potash,  sulphate ) 
of  magnesia ) 

Phosphate  of  potash  and  sul- 
phate of  lime 

^osphate  of  x>otash  aad  snl-  ) 
phate  of  magnesia    .    .    . ) 

Nitraleof  lime,  phosphate  of 
potash,  sulphate  of  magne- 
sia   

Nitrate  of  lime,  phosphate  of 
potash,  sulphate  of  lime . 

Nitrate  of  Ume,  chloride  of 
potassium,  sulphate  of  mag- 
nesia, phosphate  of  potash . 


\ 


'} 


Oonpaaitivv  yield  of  diy  siibatuioo ; 
the  crop  firom  Beiluhire  sand  and  frater  s  1. 

Ashes 
(eontaining 

some 
nitrogen). 

Pit-Mad. 

BedEahin 
sand. 

New  Jeney 
green  sand. 

10.10 
18.60 

8.60 
11.70 
19.50 
18.00 

9.20* 
11.60 

1.80 

1.00 

1.15 

0.90 

26.20 

25.10 

21.90 

1.20 

1.00 
1.40 
0.90 
0.75 
2.95 
4.20 
8.70 
1.00 

1.70 

0.90 

1.00 

0.85 

85.20 

8080 

16.90 

1.20 

^2.00 

24.80 

6.85 

80.60 

12.65* 

24.80 

22.90 

.25.40 

14.00 

29.00 

2.00* 

25.80 

18.25 

1.70 

1.15 

0.95* 

18.70 

OJO* 

1.45 

0.65* 

21.65 

80.05 

21.85 

28.65 

16.85 

29.65 

19.85 

26.40 

25.80 

26.65 

21.95 

14.50» 

*  Onlj  two  plants. 


TOL.  I. 
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Series  D  are  compared  with  one  another,  the  weight  of  the  crop  ob- 
tained from  the  sterile  Berkshire  sand  by  thd  use  of  rain-water  alone 
being  taken  as  unity. 

A  somewhat  more  satisfiEictory  comparison  between  coal-ashes  and 
pit-sand  could  probably  be  made  by  repeating  the  experiments  in  jars 
of  unlike  sizes,  filled  with  equal  weights  of  the  two  materials,  though 
from  the  dissimilarity  of  their  mechanical  condition  and  texture  it 
would  not  be  easy  to  have  all  the  conditions  of  the  experiment  pre- 
cisely similar  in  the  two  cases.  No  such  trial  has  been  made,  for 
the  reason  that  enough  seems  to  have  been  done  already  to  exhibit 
the  two  substances  in  their  true  relations.  It  has  been  proved,  at  all 
events,  that  although  the  ashes  of  the  Pennsylvania  white-ash  coal 
examined  do  contain  appreciable  quantities  of  potash  and  phosphoric 
acid  in  a  condition  fit  for  the  support  of  plants,  they  are,  neverthe- 
less, inferior  in  this  respect  to  an  equal  bulk  of  a  good  pit-sand  from 
Eastern  Massachusetts.  As  regards  the  question  whether  sand  or 
coal-ashes  is  best  fitted  for  the  amelioration  of  low  lands  rich  in 
humus,  it  appears  that  it  must  come  ug  afresh  in  every  new  locality ; 
it  can  hardly  be  answered  at  present  except  by  means  of  experiments 
made  upon  each  particular  sand 

It  is  true,  as  will  be  shown  frirther  on,  where  some  results  obtained 

* 

by  analyzing  the  two  substances  are  contrasted,  that  the  smaller 
weight  of  ashes  employed  in  my  experiments,  as  compared  with  the 
weight  of  the  pit-sand,  must  be  regarded  as  a  circumstance  highly 
disadvantageous  to  a  precise  appreciation  of  the  worth  of  the  ashes. 
It  is  not  impossible  that,  weight  for  weight,  the  coal-ashes  may' sup- 
port better  crops  than  the  pit-sand  in  question.  It  is  certain  only 
that,  while  coalrashes  are  much  better  in  respect  to  fertilizing  ingre- 
dients  than  the  really  sterile  sands  composed  wholly  of  quartz  grains, 
they  may  be  no  better  than,  or  even  inferior  to,  some  other  common 
sands  that  farmers  have  access  to.  No  doubt  many  a  sand  could  be 
found  of  precisely  the  same  fertilizing  value  as  pure  coal- ashes.  It 
must  be  remembered,  however,  that  the  coal-ashes  actually  obtained 
from  house  fires  are  almost  always  more  valuable  than  those  employed 
in  the  experiments  here  described,  because  of  the  admixture  of  wood- 
ashes  to  which  allusion  has  already  been  made.  This  admixture  is 
so  general,  and  often  so  large,  that  it  may  well  be  true  that  coal-ashes 
of  the  average  quality  likely  to  be  applied  to  the  land  are  really  better, 
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on  the  whole,  than  good  pit-sand.  It  is  plain,  moreover,  from  the 
results  of  the  foregoing  experiments,  that  the  use  of  sifted  coal-ashes 
as  an  absorbent  in  place  of  dried  earth  in  Moule's  earth-closet,  which 
has  been  often  recommended  in  this  country,  is  judicious  and  praise- 
worthy from  the  chemical  point  of  view.  Ashes  which  by  use  in 
this  way  have  become  charged  with  nitrogenous  constituents  will 
undoubtedly  be  found  useful  as  manure.  Sifted  ashes  may  be  com- 
mended also,  instead  of  loam,  as  a  fit  material  to  mix  with  concen- 
trated or  saline  manures,  such  as  ammonium  or  potassium  salts, 
nitrate  of  soda,  or  Peruvian  guano,  before  applying  them  to  the  land. 


With  the  exception  of  the  barley  and  oats  in  Series  A,  all  the  ex- 
periments thus  far  described  were  made  with  buckwheat.  The  results 
of  other  trials  made  with  rye  and  with  Indian  corn  are  set  forth  in 
the  following  tables. 

Sixteen  glass  preserve-jars  were  charged  with  coal-ashes,  such  as 
were  used  in  the  experiments  of  Series  D ;  525  grammes  of  the  ashes 
being  placed  in  each  jar.  Three  kernels  of  rye  were  planted  in  each 
jar  on  January  16,  1873,  and  the  crops  were  harvested  May  6; 
that  is  to  say,  the  rye  grew  some  seven  weeks  longer  than  the  buck- 
wheat. The  jars  were  exposed  to  the  same  conditions  and  watered 
with  ttie  same  chemicals  as  the  buckwheat  plants  of  Series  D. 

Rye  in  Coal-Ashes. 


Kowof 

1 
2 

8 

4 
5 

6 

7 
8 

Theadieflirare 
wmteiedwith 

The  crop  (harreeted  May  6, 1878). 

Weighed 
in 

(dried  at 
90  to  100 
deg'sO.)- 

Grew  to  hei|^t 
in  Inches. 

Bore 
can. 

2 
0 

8 

2 

2 

2 

* 
2 

2 

(  Sulphate  of  magne-  ) 

(    sia ) 

Sulphate  of  lime    . 

(  Chloride    of  potaa-  ) 
(   Bium ) 

Phosphate  of  potash 
Nitrate  of  potash    . 

Nitrate  of  lime    .    . 

Nitrate  of  ammonia 
Baln-water     .    ... 

1.175 
0.480 

1.460 

1.185 

5.090 

8.790 

8.195 
1.060 

2  plants  =  27 
(1      "      =6) 
{l      «      =    7f 
(1      «      =  22  i 
12      **      « 88 ) 
(1      "      =«  22 ) 
1 1      "      =  26  J 
(1      "      =»  20  [ 
\1      «      —  80  J 
(1      -      —  18 ) 
)  1      «*      «=-  22  i 
(I      "      =»  24 ) 
(1      "      =  21 ) 
\l      «      —  27  J 
(1      "      «=-  28  i 
]  1      "      «  28  J 

Only  two  plants. 
Only  two  plants. 

Only  two  plants. 
Only  two  plants. 

Only  two  plants. 
Only  two  plants. 
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Rtb  in  COAirAsHBS  (couHnued), 


No.  of 


9 
10 

11 

12 
18 

14 

15 


16 


The  MhM  were 
irateredtrlth 


C  Nitrate  of  potash  and  ) 
<  phoaphate  of  pot-? 

(    a«h ) 

( Nitrate  of  lime, ) 
(  phosphate  of  potash  ) 
(  Nitrate  of  potash  and  \ 
}    sulphate  of  magne-  > 

(    8ia ) 

(  Phosphate  of  potash  ) 
\  and  sulphate  of  lime  ) 
t  Phosphate  of  potash  ^ 
)  and  sulphate  oti 
I  magnesia .  .  .  . ) 
Nitrate  of  lime,{ 
phosphate  of  pot-  I 
ash,  sulphate  of  { 
magnesia ....  J 
r  Nitrate  of  lime,  phos-  ^ 
}  phate  of  potash,  v 
(  and  sulphate  of  lime  ) 
Nitrate  of  lime,  cMo- 
ride  of  potassium, 
phosphate  of  pot- 
ash, sulphate  of 
magnesia .... 


Tke  ctop  (harveetod  May  6,  ISTS). 


Weighed 

in 
cnminei 
fdriedat 
to  to  100 
deg'sC.)- 


Gfew  to  hfllghft 
ininchee. 


4.020 
2.970 
5.115 
0.925 
0.980 

4.8S5 


5.170 


2  plants*- 12  to  15 


1  plant  s  12 


I 


« 
M 
(( 
(( 

U 

M 


15 
81 


21 
23 
27 


29 


(i 


81 


Bore 


0 
0 


1 
8 


8 


{TwoTery 
bnahy  plaitls. 

( One  ezeeedinf - 
( ]j  bothy  plant. 

Onfy  two  plmia. 


Only  two  planis. 


Only  one  plant 


(Neiaierofthe 


\ 


'Only  one  plant, 
hnt  that  the 
beet  of  the 

BOT1O0« 


The  comparative  yield  of  diy  substance  will  appear  from  the  follow- 
ing table  ;  the  crop  obtained  by  water  alone  being  taken  as  unity. 


OomparatiTe  yield 

€fr  dxj  rabetanoe; 

the  crop  by  water 

alone  a  1. 


No.  of 
the  Jar. 


16 

11 
5 
9 

14 

6 

7 

10 

8 

4 

1 

8 

18 

12 

2 


Chemieals  naed. 


(  Ni<arate  of  lime,  chloride  of  potassium,  phosphate  ) 
(     of  potash,  and  sulphate  of  magnesia  .    .    .    .y 

Nitrate  of  potash  and  sulphate  of  magnesia   .    . 

Nitrate  of  potash . 

Nitrate  of  potash  and  phosphate  of  potash     .    . 
(  Nitrate  of  Hme,  phosphate  a£  potash,  and  sul-  ) 
I     phate  of  magnesia \ 

Nitrate  of  lime   , 

Nitrate  of  ammonia 

Nitrate  of  lime  and  phosphate  of  potash    .    .    . 

Chloride  of  potass^lm. 

Phosphate  of  potash    .......... 

Sulphate  of  macn^esia 

Rain-water 

Phosphate  of  potash  and  sulphate  of  magnesia  . 

Phosphate  of  potash  and  sulphate  of  lime     .    . 

Sulphate  of  lime • .    .    . 


4.877 

4.825 
4.802 
4.642 

4.187 

'8.576 
8.014 
2.802 
1.868 
1.118 
1.109 
1.000 
0.877 
0.878 
0.406 
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Far  the  experiments  withcom,  sixteen  glass  preserve-jars  were  ohazged 
with!  525  grammes  of  coal-ashes  as  before,  and  two  kernels  of  common 
yellow  own  were  {Wanted  in  ^aoh  jar  January  24,  1873 ;  the  jars  were 
placed  beside  those  of  Series  D,  and  were  watered  with  the  same  solu- 
tions.   The  crops  were  harvested  May  2  with  the  following  results :  — 


Maize  m  Coal-Ashes. 


Ho.  of 


1 
2 
8 

4 

5 

6 


8 
9 


10 


11 


12 


18 


U 


The  ashes  ^rofe 
with 


16 


16 


i  Sulphate  of  magne-  ) 
rfa ( 

Sulphate  of  lime .    . 

i  Chloride    of  potas-  ) 
flf  um ) 

Phosphate  of  potash 
KltnUe  <^  potash  , 
Nitrate  of  Ihn^  .  . 
Nitrate  of  ammonia . 


Bain-water     .    .    . 
(  Nitrate  of  potash  and  \ 
\  phosphate  of  pot-  > 

(   wh ) 

( Nitrate  of  lime  and  S 

<  phosphate  of  pot-  > 

(ash ) 

(  Nitrate  of  potash  and  \ 

<  sulphate  of  magne-  > 

(   ria ) 

(  Phosphate  of  potash  ) 

(  and  snlphate  of  Hme  ) 
( Phospliate  of  potash  ^ 
}  and  snlphate  of  > 
(  magnesia .  .  .  . ) 
Nitrate  of  lime,phos- ' 
phate  of  potash, 
and  snlphate  of 
magnesia .... 
f  Nitrate  of  lime, 
phosphate  of  pot- 
ash, and  snlphate  of 

lime 

'  Nitrate  ofUme,  chlo-  S 
ride  of  potassium,  | 
pHospliate  of  pot-  V 
ash,  and  sulphate  of  J 
magnesia      ...  J 


The  crop  (harrested  Maj  2, 1878). 


dried  at 
to  100 
deg's  0.). 


1.800 
1.970 
4.540 

^.080 

15.740 

7.650 

6.720 

0.815 

17.515 

18J395 

10.750 
1.270 
8.950 

9.700 


9.085 


10.840 


Grew  to  heifl^t 
in  inches. 


I 


( 1      ••      —  10 ) 

U    «    -  u  J 


I 
I 
I 
I 
I 
I 

I! 


{ 
1 

I 
I 


1 
1 

1 
1 


plant 


(( 

C( 
« 
it 
M 
M 
« 

a 

M 
M 

i( 

« 

«< 

M 
M 

(• 
« 


M 


M 


(( 


(( 


8 
la 

6 
10 
14 

7 

9 
21 
22 
10 
17 
14 
15 


! 


! 
I 
! 

! 
! 


20 
27 

20 
24 

19 
24 

10 


d\ 


17) 
19} 


20) 
22  f 


18) 
28  y 


Bore 
ean. 


0 
0 

0 

0 

1 
1 

2 
0 
8 

8 

2 
0 
0 


8 


b*i^>«^-^iMBaw*a 


n^anoverw 
sight  this  jar 
was  not  planted 
antafeb.Si. 


Only  one  plant 
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In  the  following  table  these  results  are  restated  in  the  order  of 
excellence,  i.  e.  of  the  amount  of  diy  substance  harvested. 


No.  of 
the  jar. 


9 

5 

10 

16 

11 

14 

15 

6 
7 
8 

18 
4 
2 
1 

12 
8 


Chemicals  used. 


Nitrate  of  potash  and  phosphate  of  potash .    .    . 

Nitrate  of  potash 

Nitrate  of  lime  and  phosphate  of  potash    .    .    . 

i  Nitrate  of  lime,  chloride  of  potassium,  phosphate  ) 
of  potash,  and  sulphate  of  magnesia  .    .    .    .) 

Nitrate  of  potash  and  sulphate  of  magnesia    .    . 
( Nitrate  of  lime,  phosphate  of  potash,  and  sul- ) 

(     phate,  of  magnesia •    • ) 

(  Nitrate  of  lime,  phosphate  of  potash,  and  sul-  ) 
]     phate  of  lime ) 

Nitrate  of  lime 

Nitrate  of  ammonia 

Chloride  of  potassium 

Phosphate  of  potash  and  sulphate  of  magnesia   . 

Phosphate  of  potash 

Sulphate  of  lime 

Sulphate  of  magnesia 

Phosphate  of  potash  and  sulphate  of  lime  .    .    . 

Bain-water 


GompaxmtiTe  yield 
ofd^sobstanoe. 


17.615 
15.740 
18.295 

10.840 

10.750 

9.700 

9.085 

7.660 
6.720 
4.540 
8.950 
8.080 
1.970 
1.800 
1.270 
0.815 


It  will  be  seen,  from  the  foregoing,  that  the  results  obtained  by 
growing  rye  and  Indian  com  in  coal-ashes  confirm  those  obtained  in 
the  experiments  made  with  buckwheat.  They  indicate  that  the  ashes 
contain  appreciable  quantities  of  potash  and  phosphoric  acid  in  a 
condition  accessible  to  plants  that  are  duly  supplied  with  moisture 
%nd  nitrogenous  manure.  Like  the  experiments  in  Series  D,  they 
show,  moreover,  that  the  sample  of  ashes  employed  for  the  experi- 
ments of  1873  contained  or  produced  a  trace  of  some  assimilable 
nitrogen  compound. 

CHEMIOAIi   E&^MINATION    OF   THE   ASHES   USED. 

It  remained  to  be  seen  whether  the  potash  and  phosphoric  acid  in 
the  coal-ashes  used  were  actually  less  in  amount  than  in  the  pit-sand, 
or  perhaps  more  firmly  held  and  better  able  to  resist  the  solvent 
forces  through  whose  agency  plants  obtain  their  food.  To  this  end 
the  two  substances  were  tested  as  follows  :  — 

By  Analysis  it  appeared  that, 


Contained  of 

Phosphoric  add 
Potash 


Coftl-«shes  snch  u  were 
med  in  Seriee  D. 

Per  cent. 

0.060 

1.470 


Plt-Msd  each  u  was 
used  in  Series  D. 

Percent. 

0.085  • 

0.887 
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It  will  be  remembered  that  in  the  experiments  where  buckwheat 
was  grown  in  coal-ashes  and  in  pit-sand  for  comparison  the  jars  con- 
tained 525  grammes  of  the  ashes  and  either  1,000  (Series  C)  or  1,370 
grammes  (Series  D)  of  the  pit-sand.  The  object  was  to  fill  the  jars  in 
each  instance,  and  they  were  better  filled,  so  far  as  related  to  pit- 
sand,  in  Series  D  than  in  Series  C.  But  from  the  above  analyses  it 
appears  that  while  each  jar  of  the  coal-ashes  contained  0.26  gramme 
of  phosphoric  acid  and  7.72  grammes  of  potash,  the  jars  of  pit-sand 
contained,  in  Series  C,  0.35  gramme  of  phosphoric  acid  and  8.87 
grammes  of  potash,  and,  in  Series  D,  0.48  gramme  of  phosphoric  acid 
and  12.15  grammes  of  potash,  so  that*in  both  the  series  the  plants 
growing  in  the  comparatively  poor  pit-sand  were  really  in  presence  of 
a  larger  amount  of  the  fertilizing  substances  now  in  question.  The 
larger  mass  of  the  sand  more  than  compensated  for  the  smaller  pro- 
portion of  potash  and  phosphoric  acid  contained  in  it.  The  question 
whether  these  constituents  are  more  firmly  held  against  the  action  of 
plants  by  the  pit-sand  or  by  the  ashes  has  therefore  not  been  an- 
swered by  the  foregoing  experiments.  Perhaps  there  is  no  great 
difierence  between  the  two  substances  in  this  respect.  In,  some 
points  the  experiments  of  Series  C  and  D  would  seem  to  show  that 
the  matters  in  the  sand  are  more  readily  available  for  the  plant  than 
those  in  the  ashes ;  but  it  is  hard  to  judge  of  this  matter  from  the 
data  in  question,  since  the  sand  offers  a  certain  mechanical  advantage 
for  the  growth  of  plants,  as  has  been  said.  Contrary  to  what  was 
supposed  at  the  beginning  of  the  research,  it  seems,  on  the  whole,  not 
improbable  that  the  mere  analysis  of  the  two  materials  indicates  very 
nearly  their  comparative  power  of  supplying  food  to  plants  placed  in 
favorable  conditions.  Many  other  experiments  upon  these  and  upon 
analogous  materials  must,  however,  be  made  before  the  truth  of  this 
supposition  can  be  accepted  as  proved. 

Other  experiments  upon  the  chemical  composition  and  behavior  of 
the  coal-ashes  and  pit-sand  were  made  as  follows  :  — 

A  five-inch  glass  funnel  was  filled  with  the  coal-ashes  and  another 
with  the  pit-sand.  Distilled  water  was  poured  little  by  little  upon 
the  materials  until  100  c.  c.  of  liquid  had  filtered  from  each  of  the 
funnels,  after  their  contents  had  become  saturated  with  water.  The 
percolates  were  evaporated  to  dryness  and  the  residues  tested  by 
means  of  the  spectroscope.     No  reaction  but  that  of  sodium  was 


\ 
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obtained  ftoax  the  pH>«aQd  residue,  while  the  residue  from  the  coal- 
ashes  gaTe  strong  reactions  for  lithium,  sodiimi,  and  calcium.  Other 
experiments  in  which  piure  salm^  solutions  were  used  instead  of  dis- 
tilled  water,  were  tried  in  this  way  upon  similar  amounts  oi  ihe>ashe8 
and  the  sand.     The  results  were  as  follows  :  — 

The  residue  obtained  by  using, 

A  solution  containing  3j^  per  cent  of  chloride  of  sodium  gave  re- 
actions for  sodium  and  calcium  in  the  case  of  the  pit-saod,  and 
for  potassium,  sodium,  calcium,  and  lithium  in  the  case  of  the  coal- 
ashes. 

A  solution  containing  5  per  cent  of  nitrate  of  ammonia  gave  reao- 
tions  for  sodium  and  calcium  in  the  case  of  the  sand ;  and  for  potas- 
sium (strong),  calcium,  lithium,  and  sodium  in  the  case  of  the  coal- 
ashes.  Obscure  flashes  of  a  broad  line  in  the  positicHi  of  the  blue 
strontium  line,  or  of  the  lithium  line  that  is  visible  only  at  very  high 
temperatures,  were  noticed  several  times,  but  I  have  not  yet  found 
time  to  determine  whether  this  suggestion  of  caesium  is  really  due  to 
the  presence  of  that  element  in  the  coal-ashes. 

A  solution  containing  5  per  cent  of  Epsom  salt  gave  very  strong 
reactions  for  sodium  and  calcium  in  the  case  of  the  pit-sand. 

A  solution  of  chloride  of  calcium  gave  reactions  for  potassitmi 
(faint),  sodium  (obscured),  and  lithium  (strong),  in  the  case  c^  the 
coal-ashes. 

The  solution  obtained  by  digesting  coal-ashes  with  pure,.8troi^ 
chloriiydric  acid  gave  reactions  for  potassium,  sodium,  calcium^  and 
lithium  (strong). 

The  constant  presence  of  lithium  in  the  coal-ashes  led  to  the  Ic^ow- 
ing  comparative  tests,  made  in  the  hope  of  gaining  some  idea  of  the 
relative  amount  of  this  element. 

Note  on  the  Amount  of  Lithium  in  Coal- Ashes, 

£▼617  utmp^  ^  aatlmcite  adiefl  tbos  &r  exannned  has  given  &  reacticni 
ibr  lithium  when  tetled  with  the  qtectroBCope.  This  remark  iq>plie6  not 
only  to  the  coal-ashes  employed  in  the  foregoing  experiments,  but  to  several 
other  samples  obtained  from  household  fires.  The  fact  that  the  ashes  of 
mapy  vegetable  substances  (especially  the  ash  of  grains)  gave  no  reaction 
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for  lithium  when  subjected  to  precisely  similar  tests  with  the  spectroscope, 
goes  to  show  that  the  amount  of  this  element  contained  in  the  coal-ashes 
is  probably  relatively  large  as  contrasted  with  the  amounts  that  have  been 
shown  by  previous  observers  to  occur  in  the  ashes  of  the  generality  of 
plants.  In  seeking  to  elucidate  this  point  the  following-named  substances 
were  tested  with  the  spectroscope. 

A  sample  of  wood-ashes  taken  from  a  soap-boiler's  stock  at  Southbridge,  in 
Central  Massachusetts,  on  being  percolated  with  distilled  water  as  above, 
yielded  a  residue  that  gave  only  the  reactions  of  potassium,  sodium,  and  cal- 
cium. In  like  manner,  the  solution  obUuned  by  digesting  a  little  of  these 
wood-ashes  in  strong  chlorhydric  acid' gave  only  the  reactions  of  calcium, 
potassium,  and  sodium. 

Ashes  from  the  husks  of  cotton-seed  gave  no  lithium,  but  a  strong  reaction 
for  potassium,  and  a  reaction  for  sodium,  both  when  they  were  percolated 
with  water  and  when  digested  with  chlorhydric  acid. 

The  ashes  of  Manila  cheroots,  on  the  contrary,  and  of  ordinary  cigars, 
gave  very  distinct  reactions  for  lithium,  as  well  as  for  potassium,  sodium,  and 
calcimn. 

The  ashes  of  eel-grass  {Zosiera  marina)  from  Hingham  harbor  gave  reac- 
tions for  potassium,  sodium,  lithium^  and  calcium,  when  moistened  with  strong 
chlorhydric  acid,  and  so  did  the  ash  of  black-grass  (Juncus  Oerardi)  from  a 
marsh  at  Hingham.  Bu^  the  ash  of  the  coarser  salt-marsh  grass  (Spartina 
stricta,  var.  aUemiflora)  from  that  locality  gave  only  the  reactions  of  potas- 
rium,  sodium,  and  calcium. 

The  ashes  of  ox-eye  daisies  (LeucatUhemum  vtUgare)  grown  upon  the  field 
from  beneath  the  surface  of  which  the  pit-sand  of  the  foregoing  experiments 
was  taken,  gave  very  distinct  reactions  for  potassium,  sodiuni,  lithium,  and 
calcium,  and  a  suspicion  of  rubidium  also. 

The  ashes  of  several  ten-gramme  samples  of  maize  (grain)  from  different 
localities  gave  only  sodium  and  potassium  reactions.  But  the  ash  from  6.7 
grammes  of  sweet-corn  cob  from  Hingham  gave  reactions  for  sodium  and  po- 
tassium (strong)  and  a  rather  weak  reaction  for  lithium. 
The  ash  of  wheat  bran  gave  only  sodium  and  potassium. 
The  ashes  of  common  white  beans  gave  a  reaction  for  sodium,  and  a  strong 
reaction  for  potassium.  Both  the  pods  and  stalks  grown  from  such  beans 
upon  the  JPlain-field  of  the  Bussey  Institution  gave  only  the  reactions  of 
sodium,  potassium,  and  calcium.  But  the  ashes  of  stalks  grown  from  similar 
beans  planted  in  the  coal-ashes  of  Series  A,  and  watered  with  rain-water, 
gave  lithium  and  potassium. 

The  ashes  of  bean-stalks  grown  in  coal-ashes  that  were  watered  with 
nitrate  of  ammonium  gave  a  strong  lithium  reaction  and  a  potassium  reaction 
also.    When  the  ashes  of  these  stalks  were  moistened  with  strong  chlorby- 
VOL.  I.  10 
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dric  acid  it  was  noticed  that  the  lithium  line  persisted  long  after  the  potas- 
sium  line  had  faded  out.  Both  in  this  case  and  in  that  where  the  coal-ashes 
had  heen  watered  only  with  rain-water,  the  chlorhydric  acid  solution  of  the 
stalk  ash  gave  a  faint  indication  of  calcium. 

The  ashes  of  bean-stalks  grown  in  coal-ashes  that  were  watered  with  sul- 
phate of  magnesia  gave  strong  reactions  for  lithium  and  potassium  and  a 
faint  reaction  for  calcium.  A  similar  remark  is  true  of  the  ash  of  bean-stalks 
from  coal-ashes  watered  with  phosphate  of  potash,  only  that  in  this  last  case 
the  lithium  reaction,  though  distinct,  was  not  so  brilliant  and  strong  as  in 
the  three  preceding  tests. 

0.25  gramme  of  dry  bean-stalks  grown  in  coal-ashes  that  had  been  watered 
with  a  solution  of  nitrate  of  potash,  on  being  reduced  to  ashes  and  tested  with 
the  spectroscope,  gave  the  reactions  of  sodium,  calcium,  potassium,  and  lithium. 
But  beans,  i.  e.  the  seeds  obtained  from  a  plant  grown  in  coal-ashes  and 
watered  with  a  potassium  salt,  gave  no  lithium,  but  only  potassium  and 
sodium  reactions. 

The  ashes  of  peat  from  the  Bussey  farm  gave  a  very  strong  reaction  for 
calcium  and  good  reactions  for  sodium  and  potassium,  besides  a  faint  but  dis- 
tinct lithium  reaction. 

The  ashes  of  bituminous  coal  from.  Sydney,  Cape  Breton,  treated  with  strong 
ehlorhydric  acid,  gave  reactions  for  pot&sium,  sodium,  lithium,  and  calcium. 

The  ashes  of  English  cannel-coal  gave  strong  sodfum  and  calcium  reactions, 
and  Tery  fkint  indications  of  potassium  and  lithium. 

Fine  dust  swept  from  an  iron  pipe  which  served  as  a  flue  or  chimney  to 
the  furnace  from  which  the  ashes  of  Series  D  were  obtained,  gave  reactions 
for  calcium,  lithium,  potassium,  and  sodium. 

A  single  attempt  was  made  to  determine  precisely  the  amouBt  of  Kthifim 
in  the  coal-ashes,  by  the  method  recommended  by  Fresenins  in  his  QoantiUi- 
tive  Analysis,  New  York  edition  of  1871,  p.  161,  namely,  by  precipitation 
as  phosphate,  but  no  satisfactory  result  was  obtained. 

1.1147  gramme  of  the  ashes  fritted  with  carbonate  of  lime  and  chloride  of 
ammonium,  after  Lawrence  Smith,  gave,  after  the  removal  of  the  dissolved 
lime  by  means  of  carbonate  of  ammonia,  0.0034  gramme  of  phosphate  of  lithia, 
which  would  be  equivalent  to  0.00182  gramme  of  Li^O,  or  0.12  percent,  pro- 
vided the  phosphate  had  been  pure.  But  on  testing  the  weighed  phosphate 
with  the  spectroscope,  the  reactions  of  calcium,  potassium,  and  sodium  were  all 
obtained,  beside  that  of  lithium.  It  seemed  probable  that  the  phosphate  con- 
tained a  considerable  relative  amount  of  calcium  and  sodium.  In  the  press  of 
other  matters,  no  attempt  has  been  made  as  yet  to  repeat  this  determinatioii. 
It  would  of  course  be  interesting  to  pursue  this  inquiry,  not  only  with  larger 
quantities  of  material,  but  by  means  of  other  analytical  processes,  until  a  sat- 
isfactory average  result  should  be  obtained. 
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The  presence  of  lithinm  in  such  appreciable  quantity  in  the  coal-ashes 
natarally  suggests  the  idea  that  this  substance  may  have  exerted  a  hurtful 
influence  upon  the  plants  grown  in  the  experiments  above  recorded.  For,  as 
is  well  known,  Nobbe,  Schroeder  and  Erdmann  *  found  that  chloride  of  lith- 
ium has  a  distinctly  poisonous  action  upon  buckwheat  plants  grown  by  way  of 
water  culture,  that  is  t6  say,  not  in  solid  soil,  but  in  Water  to  which  minute 
quantities  of  the  various  kinds  of  plant-food  have  been  added:  But  the  force 
of  the  idea  is  very  much  lessened,  if  not  wholly  destroyed,  by  a  moment's  con- 
sideration of  the  results  of  the  experiments  in  coal-ashes  as  compared  with 
tbose  made  in  the  sterile  sand,  since  it  appears  that  the  plants  in  the  ashes 
grew  as  well,  when  fully  fed,  as  those  in  the  corresponding  jars  of  8and.f 

It  is  not  surprising,  for  that  matter,  that  the  poisonous  action  of  lithium 
should  be  hindered  or  annuUed  when  this  substance  is  held  combined  in  an 
earthy  material  like  ashes,  or  admixed  with  the  soil.  Even  such  esteen^ 
manures  as  the  ammonium  salts  are  found  to  act  most  injuriously  upon 
plants  when  applied  in  water  culture,  unless  special  precautionary  meas- 
ures be  taken. 

The  toater-holdiiig  power  of  the  ashes  was  determined  by  placing  a 
weighed  quantity  of  the  material  in  a  weighed  funnel  loosely  plugged 
with  cotton-wool,  and  slowly  pouring  water  upon  the  ashes,  a  tea- 
spoonful  at  a  time,  until  a  drop  appeared  in  the  throat  of  the  funnel 
After  standing  a  little  to  make  sure  that  any  excess  of  water  had 
drained  off,  the  whole  was  weighed.  Under  these  conditions  ashes 
that  had  been  sifted  through  a  sieve  carrying  four  meshes  to  the 
linear  inch  took  up  95.61  per  cent  of  water ;  while  that  which  had 
been  sifted  through  a  finer  sieve  carrying  twenty-four  meshes  to  the 
inch  took  up  110.4  per  cent  of  water. 

Before  proceeding  to  determine  the  power  of  the  coal-ashes  to  fix 
and  hold  potassium,  sodium,  calcium,  magnesium,  etc.,  some  prelim- 
inary experiments  were  n^e  to  determine  the  amount  of  soluble 
silica,  and  the  amount  and  character  of  the  matters  that  can  be  dis- 

•  Die  Uuiidwirthsehaftlieh«n  Versnchs-Stationen,  1871, 18, 827.  Compare  Bir- 
aer  and  Lucanns,  lUd. 

t  Compare,  for  example,  the  results  obtained  in  jars  Nos.  14  and  16  of  Series 
D.  It  is  to  be  remembered,  in  this  coDnection,  that  coal-ashes,  from  their  lower 
specific  gravity  and  lack  of  porosity  and  mobility,  do  not  afford  so  good  standing- 
room  for  plants  as  sand.  It  has  been  already  stated  in  the  text  that  plants  grow- 
ing in  coalrashes  under  the  conditioDS  of  the  foregoing  experiments  are  at  a  certain 
mechanical  disadvantage. 
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Bolved  out  from  the  ashes  by  pure  water.  The  results  of  these  ex- 
periments are  as  follows  :  they  were  all  made  upon  fine  ashes  that 
h  ad  been  sifted  through  a  sieve  which  had  twenty-four  meshes  to  the 
linear  inch. 

To  determine  the  amount  of  soluble  silica,  if  c^y,  contained  in  the 
ashes  "  in  the  free  state,"  60  grammes  of  the  ashes  were  boiled  with 
a  freshly  made  solution  of  carbonate  of  soda,  which  was  subsequently 
filtered,  neutralized  with  chlorhydric  acid,  and  evaporated  to  dryness- 
to  render  the  silica  insoluble.  In  one  experiment  one  half  of  a  solu- 
tion, prepared  by  dissolving  60  grammes  of  the  crystallized  carbon- 
ate in  176  c.  0.  of  water,  was  boiled  with  the  ashes  for  half  an  hour, 
and  after  the  dear  liquor  had  been  decanted  the  other  half  of  the 
solution  was  poured  upon  the  ashes  and  boiled  in  its  turn  for  a  similar 
length  of  time  ;  there  was  obtained  0.0474  per  cent  of  "  free  soluble 
silica."  In  another  experiment  similar  to  the  foregoing  with  the 
exception  that  the  solution  of  carbonate  of  soda  was  half  as  strong 
as  before,  0.0418  per  cent  of  the  free  silica  was  observed.  These 
amounts  are,  of  course,  insignificant. 

To  determine  combined  soluble  silica  60  grammes  of  the  ashes  were 
boiled  with  diluted  chlorhydric  acid  prepared  by  mixing  60  c.  c.  of 
the  concentrated  acid  with  100  c.  c.  of  water.  One  half  of  this  mix- 
ture was  boiled  upon  the  ashes  for  half  a^  hour,  the  resulting  solution 
was  decanted,  and  the  other  half  of  the  diluted  acid  then  added  and 
boiled  for  the  same  length  of  time.  The  washed  residue  was  boiled 
with  a  solution  of  carbonate  of  soda,  as  in  the  trials  described  in  the 
previous  section,  and  an  amount  of  silica  equal  to  0.88  per  cent  of  the 
original  ashes  was  obtained.  To  this  must  be  added  2.18  per  cent  of 
silica,  which  was  dissolved  by  the  chlorhydric  acid  and  recovered 
therefrom  by  evaporation  in  the  usual  way.  Hence  the  total  soluble 
silica  amounted  to  3.06  per  cent. 

In  order  to  determine  if  the  active  silicate  thus  shown  to  be  pres- 
ent in  the  ashes  can  combine  readily  with  water,  160  grammes  of  the 
ashes  were  dried  at  100^  and  weighed.  0.10  per  cent  of  hygroscopic 
water  was  expelled.  The  dried  ashes  were  then  moistened  thoroughly 
with  water  and  again  dried  at  100^  ;  a  quantity  of  water  amounting 
to  0.11  per  cent  of  the  ashes  taken  was  held  in  combination.  This 
combined  water  was  not  expelled  on  heating  the  ashes  for  some 
hours  at  110°,  nor  at  160°;  but  at  200**^it  was  driven  off. 
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In  the  chlorhydrio  acid  solution  of  the  paragraph  next  but  one 
preceding,  there  was  found  (in  terms  of  per  cent  of  the  ashes  taken),  — 

Silica 2.18  (as  before) 

AlnmiTia,  iron,  etc 0.74 

Lime 0.76 

Magnesia 0.18 

Alkalies  (in  form  of  chlorides) 0.17 

Since  a  very  considerable  amount  of  alkaline  chlorides  was  obtained 
from  the  ashes  by  Lawrence  Smith's  process,  it  appears  from  the 
foregoing  that  a  good  part  of  the  alkaline  matters  in  the  ashes 
must  be  held  with  sufficient  firmness  to  resist  the  action  of  hot 
acid  of  the  strength  indicated. 

To  determine  the  amount  of  matter  soluble  in  ptire  water^  9250 
grammes  of  the  sifted  ashes  were  placed  in  a  clean  water-soaked  fir- 
kin provided  with  a  plug  at  the  bottom  and  percolated  methodically 
with  pure  distilled  water,  free  from  ammonia.  An  amount  of  perco- 
late was  collected  equal  to  the  volume  of  water  that  was  required  to 
moisten  the  ashes  to  the  point  that  a  drop  fell  from  the  orifice  at  the 
bottom  of  the  firkin.  The  10  litres  of  liquid  thus  obtained  were 
evaporated  to  the  volume  of  4  litres,  and  definite  fractions  of  the 
latter  were  taken  for  the  determinations  the  results  of  which  are  now 
in  question.  The  total  amount  of  matter  dissolved  by  the  water  was 
equal  to  only  0.114  per  cent  of  the  ashes.  By  analysis  it  appeared 
that  the  water  had  dissolved  from  the  ashes  :  — 

Silica •        .        .        .        .  0.002% 

Alumina,  iron,  etc •  0.000 

Lime 0.036 

Magnesia 0.003 

Potash    .......-..'.  0.00088 

besides  sulphuric  acid  in  combination  with  the  lime,  and  as  much 
soda  and  lithia  as  were  contained  in  an  amount  of  their  mixed  chlo- 
rides equal  to  0.0193  per  cent  of  the  ashes  taken.  During  the  evapo- 
ration of  this  aqueous  solution  it  was  noticed  that  crystals  of  gypsum 
separated  freely  after  a  certain  degree  of  concentration  had  been 
reached.  The  residue  obtained  by  evaporating  the  solution  to  dry- 
ness had  a  faint  but  distinct  green  color.  Neither  alcohol,  ether,  nor 
water  had  any  action  upon  the^coloring  matter  in  the  cold,  but  when 
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hot  eith^  of  these  liquids  discharged  the  color  immediately  and  com- 
pletely without  forming  a  colored  solution.  When  a  bit  of  the  colored 
residue  was  heated  upon  platinum  foil  the  color  became  somewhat 
fainter,  apparently  by  dissemination  through  the  mass  of  material, 
rather  than  .from  any  destruction  or  alteration.  By  fusion  with 
nitrate  of  potash  and  carbonate  of  soda  upon  platinum  foil  a  fkint 
reaction  for  manganese  was  obtained.  It  seemed  probable,  though 
not  certain,  that  the  green  color  was  due  to  manganese,  — perhaps  to 
the  presence  of  an  insoluble  manganate.  No  phosphoric  acid  could 
be  detected  in  the  concentrated  aqueous  solution  by  means  of  molyb- 
date  of  ammonia. 

It  is  my  intention  to  have  the  so-called  absorptive  or  fixing  power  of 
coal-ashes  investigated  with  care,  —  i.  e.  their  power  to  absorb  from 
solutions  and  to  hold  potash,  ammonia,  and  similar  bases.  The  few 
experiments,  recorded  below,  which  have  already  been  made  in  that 
direction  need  to  be  supplemented  by  others  before  any  very  definite 
conclusions  can  be  drawn  from  them.  The  method  of  experimenting 
was  essentially  that  described  by  Peters.*  100  grammes  of  the  sifted 
ashes  were  placed  in  a  glass-stoppered  bottle  with  250  c.  c.  of  the 
saline  solution  to  be  tested.  The  mixture  was  shstken  at  definite 
times,  and,  after  twenty-four  hours  had  elapsed,  a  portion  of  the  solu- 
tion was  run  through  a  dry  filter  that  had  been  previously  thoroughly 
leached,  and  definite  fractions  of  the  filtrate  were  taken  for  analysis. 
The  saline  matters  employed  were  all  prepared  from  pure  chemicals 
in  the  first  place  and  recrystallized  afterwards. 

I.  For  the  trial  tdth  sulphate  of  potash,  2.18  grammes  of  that  salt 

* 

were  dissolved  in  water  to  the  volume  of  260  c.  c.  After  twenty- 
four  hours*  contact  with  100  grammes  of  ashes,  there  were  found  in 

the  solution 

0.1090  gramme  of  lime, 

0.7910        «        **   potash. 

No  attempt  to  estimate  the  amounts  of  sodium  or  of  lithium  was 
made.  There  was  no  magnesia,  nor  was  any  matter  precipitable  by 
ammonia  found  in  this  liquid  or  in  any  of  those  subsequently  tested. 
Since  the  original  solution  of  sulphate  of  potash  contained  1.1790 
grammes  of  potash,  it  appears  that  in  this  trial  0.3888  gramme  of  pot- 
ash was  absorbed  and  fixed  by  the  100  grammes  of  ashes. 

*  Die  landwirthschaftlicheii  Yersuchs-Stationen,  2,  29. 
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II.  For  the  trial  with  carbonate  of  potash,  1.727  grammes  of  this 
salt  were  dissolved  in  water  to  250  c.  c,  and  there  was  found  in  the 
filtrate,  after  twenty-four  hours*  digestion  with  the  ashes,  — 

0.0090  gramme  of  lime, 
0.0058       '<        <*  magnesia, 
1.1195       "        **  potaah, 

besides  an  amount  of  soda  and  lithia  equivalent  to  0.0413  gramme 
of  the  mixed  chlorides  of  these  substances.  Since  the  original  solu- 
tion of  carbonate  of  potash  contained  1.1773  grammes  of  potash, 
the  amount  of  that  substance  absorbed  by  the  ashes  was  0.0578 
gramme. 

III.  For  the  trial  toith  chloride  ofpotasdum,  0.932  gramme  of  this 
salt  was  dissolved  in  water  to  250  c.  c.  There  was  found  in  the  fil- 
trate, after  twenty-four  hours*  digestion  with  the  ashes,  — 

0.0970  gramme  of  lime, 
0.0248        <*       *<  magnesia, 
0.5998        «        "  potash, 

besides  an  amount  of  soda  and  lithia  equivalent  to  0.0423  gramme 

of  their  mixed  chlorides.     Since  the  original  solution  of  chloride  of 

potassium  contained  only  the  equivalent  of  0.5888  granmie  of  potcush, 

it  would  appear  that,  instead  of  absorbing  any  of  the  potassium  of 

the  salt,  the  coal-ashes  gave  up  0.01 1  gramme  of  it  to  the  solution. 

Further  experiments  are  needed  upon  this  point. 

lY.   A  partial  trial  was  made  with  sulphate  of  ammonia  also,  1.4 

grammes  of  the  salt  being  dissolved  in  water  to  250  o.  c,  and  digested 

with  100  grammes  of  ashes,  as  before.     There  was  found  in  the 

filUnte 

0. 1 240  gramme  of  lime, 

0.1680       "        '^  magnesia  and  alkaline  chlorides. 

The  amount  of  lime  dissolved  by  the  saline  solutions  from  the  ashes, 
as  compared  with  the  quantity  dissolved  by  pure  water,  is  decidedly 
large  in  every  instance,  with  the  exception,  naturally,  of  the  solution 
of  carbonate  of  potash. 
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No.  5.  — A  Record  of  Trials  of  various  Fertilizers  upon  the  Plain- 
field  of  the  Bussey  InstitiUion,  By  F.  H.  STOREa  First  He- 
port*    Results  obtained  in  1871. 

The  Plain-field  of  the  Bussey  Institution  is  a  strip  of  table-land 
about  seven  acres  in  extent,  at  the  top  of  a  hillook,  or  ridge,  of  "  drift** 
or  glacial  gravel.  The  ridge  rises  abruptly  from  the  level  of  a  stream 
of  water  caQed  Stony  Brook,  on  the  one  hand,  and  from  a  low,  boggy 
valley  on  the  other.  At  a  height  of  some  ninety  or  more  feet  above 
the  bed  of  the  stream  the  ridge  is  crowned  by  a  remarkably  level 
plain,  of  which  the  "  Plain-field,"  belonging  to  the  University,  com- 
prises perhaps  one  half.  A  couple  of  acres  of  the  most  level  part  of 
the  field  were  selected  for  the  experiments  now  to  be  described. 

The  soil  of  the  Plain-field  consists  of  a  thin  layer  of  loam,  resting 
upon  a  deep  bed  of  coarse,  open  gravel  No  constant  supply  of  w^ter 
can  be  obtained  by  sinking  weUs  in  this  gravel  until  a  depth  of  fifty 
or  sixty  feet  has  been  reached.  Naturally  the  soil  of  the  field  seems 
to  have  been  remarkably  homogeneous  throughout,  and  the  portion 
chosen  for  the  experiments  was  taken  in  the  belief  and  upon  the  assur- 
ance that  nothing  had  ever  been  done  to  vitiate  the  original  homo- 
geneity ;  but,  as  will  be  seen  on  inspecting  the  results  recorded  below, 
it  turned  out  that  a  small  patch  at  one  end  of  the  experimental  field, 
comprising  Sections  *A  and  A  A,  and  touching  Section  B,  as  shown  in 
the  diagram,  was  much  richer  than  the  rest  With  this  not  very  ini> 
portant  exception,  the  field  was  remarkably  well  suited  for  the  purpose 
for  which  it  was  taken.  It  may  indeed  be  regarded  as  a  typical 
example  of  the  thin,  light,  ''  leachy"  soils  which  so  frequently  overlie 
the  gravelly  drift  of  New  England. 

In  1870  the  field,  with  the  exception  of  Sections  A  and  A  A,  had  car- 
ried a  crop  of  winter  rye  (unmanured),  which  was  wellnigh  destroyed 
by  a  hail-storm  in  the  spring  of  that  year.  Previous  to  the  time  when 
the  rye  was  planted,  the  field  had  been  down  to  grass  some  six  or 
eight  years,  without  manure.  Before  the  grass  a  small  crop  of  Indian 
com  had  been  taken  from  the  land. 

*  Presented  to  a  Committee  of  the  Trustees  of  the  Massachusetts  Sodetj  for 
Promoting  Agricoltnre,  December  3,  1871. 
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The  third  diyision  of  the  field  was  deyoted  to  phosphates  of  lime 
applied  in  the  ordinary  proportions  to  the  plots  in  Section  C,  and  by 
equal  money-values  to  the  plots  of  Section  CC.  The  standard  of 
comparison  in  this  case  was  the  highest  priced  superphosphate.  Upon 
Section  D  several  nitrogenous  manures  were  applied  in  chemically 
equivalent  quantities,  and  Section  DD  was  devoted  to  various  salts 
and  fertilizers  not  otherwise  provided  for ;  they  were  applied,  as  nearly 
as  might  be,  at  the  rates  ordinarily  used  by  formers. 

It  was  no  part  of  my  plan  to  apply  at  this  stage  of  the  research 
any  mixtures  of  fertilizers  which  could  be  regarded  as  complete  ma- 
nures, or  could  pretend  to  compete  with  the  dung  of  animals.  It  was 
thought  that  such  mixtures,  proper  for  the  soil  of  the  experimental 
field,  could  probably  be  best  prepared  in  the  light  of  the  results  of  one 
or  two  years*  experience  with  single  fertilizers.  With  the  view,  how- 
ever, of  using  mixtures  in  future  years,  a  considerable  part  of  the  ex- 
perimental field,  upon  three  sides  of  the  portion  occupied  by  the  plots 
represented  in  the  foregoing  diagram,  was  left  fallow  for  the  present. 

Preparaticrii  of  the  Fieldy  and  Methods  of  Manuring  and  Planting  it,  — 
The  entire  field  was  ploughed  four  inches  deep,  April  5  -  7  ;  it  was 
then  harrowed  parallel  with  the  furrows,  and  finally  cross-harrowed, 
before  the  plots  were  staked  out.  With  the  exception  of  the  drmgs 
and  peat  and  one  heavy  dressing  of  wood-ashes,  which  were  measured, 
each  of  the  fertilizers  was  carefully  weighed  and  spread  evenly  upon 
the  stu'&ce  of  the  plots.  The  heavy  manures,  such  as  stable-manure^ 
peat,  lime,  ashes,  and  leather-scraps,  were  spaded  under ;  bone-meal, 
fish-scrap,  guano,  flocks,  oil-cake,  and  pearlash  were  raked  in,  while 
the  superphosphates  and  various  salts  and  chemicals  were  simply  mixed 
with  a  portion  of  the  earth  of  their  respective  squares,  and  then  spread 
upon  the  surface  of  the  ground,  without  spading  or  raking. 

The  barley  (ordinary  two-rowed  seed-barley,  fix)m  Messrs.  J.  Breck 
k  Son,  of  Boston)  was  sown  towards  the  close  of  April  at  the  rate  of 
two  bushels  per  acre,  or  0.4  quart  (  =:  292  grammes)  to  each  of  the 
5  X  ^  metre  squares.  It  was  spread  evenly  upon  the  surface  of  the 
ground,  raked  in  as  thoroughly  as  possible,  and  the  soil  smoothed 
down  upon  it  with  the  flat  of  a  speuie.  The  ripe  plants  were  finally 
puUed  up  by  hand  in  order  that  they  might  be  harvested  free  &om 
weeds,  and  that  each  crop  should  be  collected  precisely  in  the  same 
way  and  as  completely  as  the  others.     The  soil  that  adhered  to  the 
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roots  was  readily  removed  after  it  had  become  dry,  so  that  the  amount 
of  it  weighed  with  the  "  total  crop  "  was  insignificant. 

The  beajis  ("medium''  white  bush-beans,  from  the  seed-store  of 
J.  Breck  &  Son)  were  sown  early  in  May,  in  little  drills  or  furrows  one 
half-metre  apart  Each  bean  was  dropped  eight  centimetres  from  its 
neighbora,  and  covered  with  an  inch  of  earth.  The  total  weight  of 
beans  planted  on  each  square  was  about  375  grammes.  '  The  beans 
were  hoed  frequently  during  the  summer.  The  plants  were  finally 
pulled  up  by  the  roots  after  the  beans  had  been  picked. 

The  ruta-hagas  were  sown  late  in  May,  at  a  time  of  severe  drought 
which  lasted  through  several  subsequent  weeks.  It  was  consequently 
a  long  time  before  the  young  plants  appeared  above  the  surface  of  the 
ground,  and  few  of  them  ever  overcame  the  hardships  encountered  in 
their  youtL  Doubtless  some  of  the  fertilizers  employed  did  more 
harm  than  good  under  the  circumstances. 

Character  of  the  Season.  —  A  cold  rain-storm  of  several  days'  dura- 
tion, at  the  end  of  April,  checked  the  growth  of  much  of  the  barley. 
A  severe  drought  in  May  and  June  ruined  the  ruta-bagas  and  hurt 
the  barley  somewhat  ;  the  beans,  however,  did  well. 

The  stone  building  of  the  Bussey  Institution  not  being  completed  in 
season  to  receive  the  barley,  that  crop  had  to  be  stored  in  a  barn-cellar, 
where  it  suffered  somewhat  from  the  depredations  of  rats  during  the  in- 
terval between  harvesting  and  weighing.  Since  it  was  impossible  to  tell 
how  much  the  several  sheaves  had  suffered  in  this  way,  suspicion  is  ne- 
cessarily cast  upon  the  entire  barley-crop  of  1 871.  It  is  to  be  observed, 
therefore,  that  none  of  the  figures  under  the  headings  "  grain  "  and 
''total  product "  in  the  table  for  barley  can  be  regarded  as  strictly  accu- 
rate, though,  doubtless,  many  of  them  are  so.  Only  the  column  which 
gives  the  yield  of  "  straw  and  chaff"  is  correct,  or  very  nearly  correct 
in  each  particular.  With  this  exception,  the  precise  weight  of  each 
of  the  crops  obtained  firom  the  several  fertilizers  will  appear  fix>m  the 
following  tables.  The  weights  of  fertilizers  used  and  of  crops  obtained 
are  stated  either  in  terms  of  kilogrammes  or  grammes.* 

*  One  gramme  equals  15.4346  grains  English.  1000  grammes  eqoal  1  kilo- 
gruune  or  2.2  lbs.  avoirdapois,  very  nearly. 
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Next  to  the  good  effects  produced  by  the  potassic  roaniires,  the  bad 
results  obtained  bj  the  use  of  bone-dust,  in  Sections  C  and  CC,  are 
specially  noteworthy.  I  had  been  so  often  assured  by  experienced  per- 
sons, before  these  experiments  were  begun,  that  bone-dust,  particularly 
in  dry  seasons,  often  produces  very  little  useful  effect  upon  our  drift 
soils,  that  it  was  no  matter  for  surprise  to  see  the  phosphatic  manures 
fail  in  most  instances.  But  I  was  not  prepared  for  the  actual  harm 
that  seems  to  have  been  done  by  these  manures  in  several  cases. 

Since  this  report  was  written,  I  have  noticed*  that  Professor  May 
of  the  agricultural  school  at  Bayreuth  has  likewise  observed  that  some 
of  the  phosphatic  manures  employed  by  him  in  a  set  of  field  experi- 
ments were  not  only  useless,  but  distinctly  prejudicial  to  the  growth 
of  wheat  and  barley. 

So  few  methodical  field  experiments  have  been  made  hitherto  upon 
very  poor  soils  that  it  is  no  great  wonder  that  the  tendency  of  the 
phosphates  to  hurt  a  struggling  crop  should  have  been  overlooked.  I 
have  tried  a  number  of  experiments  in  pots,  with  the  view  of  deter- 
mining how  large  an  amount  of  phosphatic  manure  may  be  safely 
applied  to  sterile  land,  and  from  the  results  already  obtained  it  would 
seem  that  bone-dust  and  other  phosphates,  when  present  in  too  lai^ 
quantity,  may  exert  an  exceedingly  hurlful  influence  upon  the  devel- 
opment of  the  plumule  or  first  sprout  that  springs  from  the  seed, 
especially  at  the  time  when  the  young  shoot  is  ceasing  to  draw  nour- 
ishment from  theiseed,  and  is  beginning  to  live  upon  matters  derived 
from  the  soil  and  from  the  air.  It  would  seem  that  the  seedling  can- 
not endure  the  presence  of  a  certain  excess  of  phosphate  of  lime, —  at 
least  when  the  soil  in  which  it  stands  is  too  poor  to  supply  at  once  all 
the  food  that  the  plant  may  need.  If  too  much  of  the  phosphate 
should  happen  to  come  in  contact  with  a  seed,  the  young  plant  that 
springs  therefrom  is  liable  to  perish  almost  at  its  birth,  or  to  suffer  so 
severely  in  the  struggle  to  gain  an  independent  foothold  on  the  soil 
that  it  remains  weak  and  stunted  for  a  long  time.  It  may  yet  be 
found  that  one  advantage  in  using  superphosphate  of  lime  as^  fertilizer 
consists  in  the  ability  of  the  soluble  phosphoric  acid  that  is  containedt 
in  that  substance  to  get  out  of  the  way  of  the  young  plants  ;  that  is 
to  say,  to  diffuse  itself  so  thoroughly  in  the  soil  that  no  hurtful  excess 
of  an  active  phosphate  can  be  anywhere  encountered  by  their  roots. 

*  In  Biedermann's  Central-Blatt  fur  Agrikulturchemie,  October,  1872,^2.  201. 
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In  order  that  the  merit  of  the  several  fertilizers  iised  upon  any  given 
section  may  be  readily  compared,  the  results  laid  down  in  the  preced- 
ing tables  have  been  rearranged  in  the  tables  below  in  the  order  of  ex- 
cellence. The  best  result  obtained  with  each  kind  of  crop  is  given  at 
the  top  of  the  column,  and  the  worst  result  at  the  bottom.  Between 
these  extremes  each  particular  crop,  and  the  weight  of  it  harvested, 
will  be  found  in  its  appropriate  place.  As  before,  the  weights  are  in 
terms  of  kilogrammes  and  decimal  fractions  of  kilogrammes. 


Tables  showing  the  Best  and  the  Worst  Crops  obtained  from  each 

Section  of  the  Field. 


SnmoH  A«~ Barley.— 1871. 


Sbctioh  A«  — Beans.  — 1871. 


9 

•2 


'    9  I 
3 

8 

6 

2 

5 

4 

7 

1 


Weights 
of  barieyt 
grah). 


8.540 
8.055 
8.000 
7.976 
7.525 
7.090 
7.020 
6.807 
6.202 


9 

o  « 

1^ 


2 
8 
6 
•1 
6 
8 
9 
4 
7 


1 
Weights  1 
of  barley 
straw. 

'^5 
2 

Weights 

of  total 

barley 

crops. 

2 

24.575  , 

82.100 

28.695 

8 

81.750. 

1 

22.525 

6 

80.500 

8 

22.298 

9 

30.000 

4 

21.780''   8 

29.750 

5 

21.750      6 

28.870 

7 

21.460      4 

27.870 

6 

20  850  t    1     27.5001 

8 

18.068 

7 

24.870.1 

9 

Weights  I  £  i    Weights  !  £  S 
^#1 *gi   oflwan     ^S 


of  bean 
seeds. 


11.800 
10.425 
10.150 
8.960 
7.800 
7.210 
4.110 
3.455 
2.900 


2 
8 
1 
4 

5 
6 

7 

4 

9 
8 


10.950 
10.850 
9.425 
8.290 
8.160 
8.140 
8.040 
7.400. 
6.145 


2 
8 
1 
4 
5^ 
7 
6 
9 
8 


WeighU 

of  total 

bean 

crops. 


22.250 
21.000 
19.850 
17.250 
15.450 
15.260 
12.250 
10.800 
9.600 


SscTBm  A.  —  Rnta-Bagat. — 1871. 


SnmoN  AA.  —  Buta-Basas.  —1871. 


3 
2 
1 
5 

•  6 
8 
7 
9 

4 


WeighU    ,  J,* 

rota-baga  |   .  g 
roots.     'I  S  s* 


60.60 
64.76 
54.26 
62.25 
44.76 
43.26 
41.76 
88.50 
37.26 


s^ 


7 
8 
9 
8 
2 
6 
1 
4 
6 


Weighto 

of 

mta-baga 

tops. 


40.00 
38.10 
87.75 
33.26 
31.76 
29.76 
28.00 
25.00 
23.75 


.S 


IS* 

8 
2 
1 
6 
7 
8 
9 
6 
4 


Weights 

of  total 

ruta-bttga 

crops. 


93.86 
86.50 
82.25 
82.00 
81.75 
81.35 
76.25 
68  50 
62.25 


9 


8  I. 

3 
2 
1 
9 
6 
5 
4 
7 
8 


Weights 

of 

mta-baga 

roots. 

66.76 
59.76 
63.76 
43.00 
39.76 
39.40 
39.00 
36.00 
34.76 


9 

ja 


Weights  I  % 

•  g  I  mta-baga 
I?      tope. 


3 
9 
7 
2 
1 
8 
6 
5 
4 


46.85 
44.26 
85.55 
34.76 
33.60 
31.90 
31.86 
26.66 
25.10 


^2" 


w 


9 

16 

7 

18 
,5 

4 


Weights 
of  total 

mta-baga 
crops. 


113.60 
94.50 

87.26 

71.60 
71.66 
66.66 
66.05 
64.10 
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Bmro*  AA.  — BArtey.— 1871. 


SwmoK  AAA—BeMU.— 1871. 


I 


9 
1 
8 
8 
6 
2 
7 
4 
5 


Weights  \,Zt\  Weight!   i^ 


of  bari^ 
gnin. 


7.670 
7.436 
6.700 
6.860 
6.820 
6.800 
6.190 
4.912 
4.812 


1^ 


8 
6 
9 
2 
6 
8 
4 
7 
1 


of  barley 
straw. 


22.900 
22.430 
22.800 
21.200 
19.988 
19.160 
18.088 
16.060 
16.666 


Weights 

of  total 

barley 

crops. 


29.60 

28.26 
26.60 
26  60 
24.76 

23.00 

21.26 


I. 

l| 

2 
8 
7 
4 
6 
1 
8 
9 
6 


WelghU 
of  Man 


9.666 
9.010 
8.110 
8.076 
7.716 
7.630 
6.670 
4.166 
8.980 


I. 


w«i.^«»  ''^«    Weights 

#^      ^8     of  total 
of  bean   ;io  ^ 


1^ 

Boaw.    j 

8 

9.940 

4 

9.476 

6 

9.420 

8 

9.180 

2 

9.096 

1 

8.970 

9 

8.846 

6 

8.686 

7 

8.240 

Si*! 


8 
2 

4 
1 
7 
6 
8 
6 
9 


of  total 

besn 

orops. 


18.950 
18.760 
17.660 
16.600 
16.860 
16.800 
14.800 
18.400 
18.000 


Sionoir  B.  — Barley.— 1871. 


SaoDOir  B*  — Beans.  — 1871. 


Weights 

of  bvley 

grain. 


2 

2.690 

1 

2.570 

8 

2.480 

6 

2.080 

4 

1.670 

6 

1.120 

7 

1.036 

8 

0.970 

5^ 
8  I 


1 

2 
8 
6 
9 
4 
7 
8 
6 


Weights 

of  bvley 

straw. 


18.580 
16.160 
8.770 
7.670 
7.410 
7.180 
4.866 
4.180 
8.880 


I 


1 
2 
8 
6 
4 
7 
8 
6 


WeighU 

of  total 

barley 

crops. 


21.10 
18.76 
11.26 
9.76 
8.76 
6.40 
6.10 
6.00 


o 

i 


2 
1 
8 
4 

6 
9 
7 
8 
6 


Weights 

of  bean 

seeds. 


9.090 
7.880 
6.256 
4.740 
4.650 
4.460 
8.676 
0.986 
0.666 


2 
1 
9 
8 
4 
7 
6 
6 
8 


s 

Weights 

of  bean 

straw. 

O  3 

Weights 

of  total 

bean 

crops. 

9.060 

2 

18.150 

8.620 

1 

16.000 

6.790 

8 

12.700 

6.44^ 

9 

11.250 

6.810 

4 

10.550 

6.576 

6 

9.400 

4.850 

7 

9.250 

8.186 

8 

4.000 

8065 

6 

1 

8.760 

Bionov  B«— Biita-Ba8as.~1871. 


Sionoif  BB.~Bata«Bacas.~1871. 


1 
2 
8 
9 
6 
7 
4 
8 
6 


Weights 
of  rata* 

roots. 


67.50 
60.25 
82.26 
28.76 
21.76 
21.25 
19.26 
7.00 
2.76 


Wghts    5 
of  rata-    [  ^ 
^      baga 
I?      tops. 


2 
1 
7 
8 
4 
9 
6 
8 
6 


41.60 
89.50 
22.00 
20.26 
19.26 
17.76 
14.76 
18.50 
8.26 


1 
2 
8 
7 
9 
4 
6 
8 
6 


Weights  1^ 


107.00 

1 

91.76 

2 

62.60 

4 

48.26 

7 

41.50 

6 

88.60 

9 

86.50 

8 

20.60 

8 

11.00 

6 

of  ruta-  '.,^ 
baga     "* 


roots. 

81.00 
68.26 
63.75 
41.00 
84.50 
18.00 
16.50 
18.26 
6.00 


Is- 


1 

2 
4 

7 
6 
8 
8 
9 
6 


.     1 
Weights 
ofmta- 

bttga 

tops. 

as" 

1 

Weighto 

of  total 

rata- 

crops. 

47.26 

128.26 

46.50 

2 

118.75 

87.60 

4 

101.25 

82.00 

7 

73.00 

80.50 

6 

66.00 

29.60 

8 

45.76 

29.26 

9 

44.00 

26.00 

8 

42.76 

17.76 

6 

28.75 

/ 
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Baenom  BB*— Bavley,— 1871. 


SvfiOM  BB«*~ 


;— 1871. 


1 
4 
7 
S 
8 
9 
8 
6 
5 


Weights 

oTbuiej 

gnlA. 


6.145 
4.72S 
4.680 
4.000 
2.990 
2.850 
2.680 
2.095 
1J»50 


1 

2 
4 
7 
8 
8 
9 
6 
5 


ofbanej 
■tx»w. 


18.255 

15  850 

15.875 

18.870 

11.070 

9.610 

7.260 

6.905 

4.950 


1 

4 
2 
7 
8 
8 
9 
6 
5 


Wdfhtt 
oftotel 
barley 
crops. 


28.40 
20.10 
19.85 
18.50 
18.75 
12.60 
10.10 
9.00 
6.50 


4 
2 
7 
6 
8 
1 
8 
9 
5 


Weights 
of  bean 


8.280 
7.550 
7.280 
6.605 
6.200 
5.065 
4.020 
8.450 
2.450 


8 


n 


6 
5 


WelghU 

of  iMan 

straw. 


10.08J; 

9.800 
9.050 

7.270 

7.095 
5.100 
4.580 
4.850 


I 


ss* 


2 

4 
8 
1 
7 
6 
8 
9 
6 


Weights 

of  total 

bean 

crops. 


16.850 

15.500 

15.250 

15.100 

14.500 

13.700 

8.600 

8  550 

6.800 


I  •••  I 


Sionoif  C«— Barley.  ~  1871. 


SscTiox  C« — Beaas. — 1871. 


9 
6 
7 
8 
5 
8 
4 
8 
1 


Weii^ts 
ofbar^jr 


1.692 
0.955 
0.853 
0.763 
0.747 
0.617 
0.598 
0.465 
0.200 


1^ 


2 
8 
6 
9 
4 
1 
5 
7 
8 


Weights 

of  barioy 

straw. 


9.985 
9.683 
9.145 
8.708 
8.407 
7.200 
6.658 
6.648 
6.638 


2 
9 
8 

6 

4 
7 
1 
5 
8 


I 


Weights 
of  total 
barlej 
cnqps. 


10.400 

10.250 

10.100 

9.000 

7.500 

7.400 


4 

7 
1 
8 
5 
2 
9 
8 
6 


WeighU 

of  bean 

seeds. 


8.575 
8.000 
2.185 
2.020 
1.575 
1.545 
1.225 
1.075 
0.840 


4 

7 
8 
5 
2 
8 
1 
9 
6 


} 


Weights 

of  bean 

straw. 


6.675 
5.260 

4.375 

4.105 
8930 
8.916 
8.876 
8J>60 


4 

7 
1 
5 
8 
3 
3 
9 
6 


J 


Weights 

of  total 

bean 

crops. 


9.250 
8.260 
6.100 

5.950 

5.650 
5.460 
5.100 
4.400 


Sconoir  C«~Biita»Bacas.~1871. 


Sbctiox  CC«~Bnta»Bacas.— 1871. 


8 
2 

7 
9 

i] 

1 

6 
5 


Weights 
of 


85.25 
25.75 
19.75 
18.25 

12.75 

12  25 

10.50 

9.25 


8 
3 
7 
4 
9 
2 
6 
5 
1 


} 


Weights 

of 

rata4Miga 

tops. 


21.00 
20.25 
20.00 
19.00 
18.25 

14.00 

18.00 
10.75 


?} 


8 
4 
9 
6 
1 
5 


Weights 
of  total 

ruta-baga 
crops. 


55.50 

39.75 

83.75 
31.75 
31.50 
24.50 
28.00 
22.25 


5   «B 


5 

1 

2 

4 
7 
8 
6 
9 
8 


Weighto 

of 

ruta-baga 

roots. 


24.75 
23.75 
23.50 
21.00 
17.60 
13.00 
10.75 
9.76 
8.25 


9 
2 
1 
8 
3 
4 
7 
5 
6 


Weighto 

of 

rata4>aga 

tops. 


2300 
22.00 
21.25 
20.50 
18.00 
17.25 
17.00 
16.25 
14.00 


o 
8 


1 
2 
5 
4 

7 
8 
9 
3 
6 


Weighto 

of  total 

ruta-baga 

crops. 


46.00 
44.50 
41.00 
88.25 
34  50 
88.60 
82.75 
26.25 
24  76 


TOL.  I. 


18 
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Sionoir  CO*  ~  Barley. — 1871. 


BicnoH  0C«— Beaas.— 1871- 


5 

Weights 

ofbarlej 

grain. 

9 

Weights 

of  barley« 

straw. 

Noe.  of  the 
squares. 

Weights 

of  total 

bariey 

crops. 

Weights 

cthean 

seeds. 

8 

WeigfaU 

oflMan 

straw. 

'1. 

1 — 
7 

Wel^ts 

oftotel 

bean 

crops. 

2.942 

12768 

1 

9 

•  15.250 

7 

8.860 

G.860 

10.660 

8 

2.747 

2 

12.432    2  ) 
11.653    8  5 

14.400 

8 

3.240 

7 

6.790 

8 

10.100 

6 

2.740 

8 

2 

2.265 

9 

6.116 

2 

7.050 

9 

2.482 

4 

11.525    4  > 
10.610    6  5 

13.000 

9 

1.835   1 

2 

4.786 

9 

6.950 

2 

1.968 

7 

8 

1.290 

4 

4116 

8 

6.150 

8 

1.681 

5 

10.058  '  7 

12.100 

4 

0.985 

1 

4.046 

4 

6.100 

7 

1.490 

8 

8.919    6 

10.600 

1 

0.765 

5 

8.970 

1 

4.800 

4 

1.475 

1 

8.628  ;  3 

10.^00 

5 

0.730 

3 

3.860 

6 

4.700 

1 

1.472 

6 

7.860  i  1 

10.100 

6 

0.716 

6 

8.686 

6 

4.300 

Sionox  I>.  —  Barley.  —1871. 


Sf  ones  D.  —  Beam.  — 1871. 


o  s 

55* 


7 
8 
4 
9 
2 
6 
8 
6 
1 


Weights 

of  barley 

grain. 


8.305 
3.077 
2.885 
2.857 
2.190 
1.780 
1.512 
1.430 
1.205 


I 


•   9 


3 

8 
4 
7 
2 
9 
6 
5 
1 


Weights 

of  barley 

straw. 


9.588 
9.523 
9.515 
8.795 
8.310 
7.643 
6.820 
6.220 
4.795 


Nos.  of  the 
squares. 

Weights 

of  total 

barley 

cro^. 

8 

12.60 

4 

12.40 

7 

12.10 

8 

11.10 

2 

10.50 

9 

10.00 

6 

8.25 

5 

8.00 

1 

6.00 

M 


8& 


4 

7 
6 
9 
1 
8 
5 
2 
3 


Weights 
of  beau 

^      No*,  of  tho 
squares. 

Weights 
of  Man 

si 

Wel^te 

of  total 

bean 

crops. 

seeds. 

straw. 

4 

3.786 

4.466 

8.260 

3.290 

7 

4.360 

7 

7.650 

1.415 

1 

3.826 

6 

6.100 

0  720 

6 

3.685 

'l 

4.400 

0.575 

3 

3.515 

3 

8.850 

0.470 

2 

3.186 

11 

8.600 

0.455 

8 

8.130 

0.416 

6 

2.645 

9 

3.360 

0.335 

;  9 

1 

i 

2.630 

5 

8.100 

• 

Snmoir  B. — Bnta-BaKas. — 1871. 


Sscnoy  DB. — Bnta-Bacae. — 1671. 


1^ 


6 
6 

7 
2 


n 


8 
3 
1 


Weights 

of 

ruta-baga 

roots. 


34.50 
28.25 
25.25 
24.00 

23.25 

17.75 
14.60 
11.26 


Nos.  of  tho 
squares. 

Weights 

of 

mta-ba^ 

tops. 

15 
6 

8 

21.25 

1 

20.50 

6 

2 

19.25 

2 

6 

18.25 

7 

7 

14.50 

3 

« 

11.00 

9 

4 

10.00 

4 

6 

9.25 

1 

8 

6.50   !;   8 

■  1 

\       1 

Weights 
of  to '..I 

ruta-baga 
crops. 


46.50 
43.75 
43.25 
39.75 
35.75 
34.25 
33.25 
31.75 
24.26 


Nos.  of  the 
squares. 

Weights  < 
of       1 
ruta-baga 
roots.    . 

Nos.  of  the 
Fquares. 

4 

35.75 

1 

7 

26.75 

2 

8 

25.50 

3 

2 

25.25 

4 

5 

24.00 

5 

1 

23.00 

8 

3 

20.00 

7 

6 

18.76 

6 

9 

14.00 

9 

Weights 
of 
S' ruta-baga 
tops. 


35.75 
83.00 
31.25 
30.35 
23.50 
22.65 
21.90 
21.60 
19.36 


!S5 


4 
1 
2 
3 
7 
8 
6 
6 
9  ' 


Weights 
of  total 

ruta-baga 
crops. 


66.10 
68.75 
68  25 
61.25 
48.65 
48.16 
47.60 
40.20 
83.85 
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SBcnoir  DD.— Barley.— 1871. 


Sionoir  DD«— Beans.  — 1871. 


si* 

Weights 

ofbarlej 

gndtt. 

4 

4.180   ! 

6 

8.790 

2 

8.450 

9 

8.090 

8 

2.922 

8 

2.830 

5 

2.762 

1 

2.816 

7 

2.807 

4 
6 
2 
8 
8 
5 
1 
7 
9 


Weights 

of  btorlej 

straw. 


18.670 
10.810 
9.G60 
9.170 
8.678 
8.488 
8.185 
7.948 
7.660 


M 


J5* 


4 
6 
2 
8 
8 
5 
9 
1 
7 


Weights 

of  total 

barley 

crops. 

4 

Weights 

of  bean 

seeds. 

o 

4 

17.750 

4.630 

14.100 

5 

2.080 

2 

18.100 

2 

1.050 

5 

12.000 

8 

1.015 

8 

11.600 

6 

0.950 

1 

11.260 

9 

0.910 

6 

10.750 

8 

0.440 

8 

10.600 

1 

0.876 

9 

10.250 

7 

0.246 

7 

Weights 
of  bean 
straw. 


5.020 
4.850 
4.220 
4.010 
8.875 
8.400 
2.885 
2.790 
2.855 


4 
6 
2 
8 
6 
1 
8 
9 
7 


Weights 

of  total 

bean 

crops. 


9.550 
6.250 
5.400 
4.450 
4.850 
4.260 
8.850 
8.700 
2.600 


The  third  set  of  tables,  given  below,  are  analogous  to  the  preceding, 
but  each  of  them  includes  the  results  obtained  upon  a  pair  of  sec- 
tions ;  i.  e.  upon  one  of  the  four  main  divisions  of  the  field.  The 
several  crops  are  arranged  as  before  in  the  order  of  excellence,  from 
the  best  to  the  worst.  It  is  to  be  remembered,  however,  that  the  con- 
clusions drawn  from  comparisons  between  the  different  squares  of  a 
single  section  of  the  field  (as  in  the  second  set  of  tables  above)  are 
naturally  more  to  be  depended  upon  than  those  based  upon  contrasts 
between  the  members  of  two  sections,  —  i.  e.  of  an  entire  division,  — 
since  it  is  not  unlikely  that  the  soil  at  one  end  of  the  long  division, 
may  differ  somewhat  from  the  soil  at  the  other  end.  The  same  reason- 
ing would  discourage  the  idea  of  combining  too  closely  the  results  of 
diffn^nt  sections  or  divisions  not  absolutely  contiguous,  though  it  is 
plain  that  another  set  of  tables,  as  good  as  the  third  set,  might  be 
constructed  by  combining  the  results  of  any  two  adjoining  sections  of 
the  field,  as,  for  example,  B  and  C,  or  BB  and  CC.  As  a  general 
rule,  however,  inferences  based  upon  the  order  of  excellence,  as  laid 
down  in  the  second  set  of  tables,  will  be  stronger  than  those  drawn 
from  the  tables  of  the  third  set,  or  from  comparisons  such  as  have  just 
been  suggested. 
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The  results  of  this  first  year's  trials  are  decidedly  favorable  in  the 
case  of  the  potassic  manures.  Sulphate  of  potash,  for  example  (a 
pure  article,  commercially  speaking),  applied  at  the  rate  of  800  lbs. 
to  the  acre,  gave  2,577  lbs.,  L  e.  43  bushels,  of  beans  to  the  acre,  or 
three  times  as  many  as  were  harvested  from  the  unmanured  land. 
Barley  thus  heavily  dressed  with  sulphate  of  potash  yielded  at  the  rate 
of  1,650  lbs.  or  34  bushels  of  grain  to  the  acre,  or  more  than  twice  as 
much  as  was  got  from  the  unmanured  land. 

Some  of  the  results  obtained  by  the  use  of  lime  upon  land  that  had 
been  previously  manured  (Section  A)  are  remarkable.  In  several  in- 
stances the  squares  yielded  barley  at  the  rate  of  2,850  lbs.,  or  59 
bushels  to  the  acre. 
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No.  6. — A  Record  of  Trials  of  various  Fertilizers  vpon  the 
Plain-field  of  the  Bussey  InstUviion,  By  F.  H.  Storer.  See- 
ond  Report.*    Restclts  obtained  in  1872. 

With  the  exception  of  a  few  trifling  points  of  detail,  the  experi- 
ments of  1872  were  exact  repetitions  of  those  of  1871.  (See  pages 
80  to  102  of  this  Bulletin.)  The  same  kinds  of  crops  were  grown  as 
before,  and  the  same  kinds  and  amounts  of  fertilizers  were  applied  to 
each  of  the  squares  of  land ;  that  is  to  say,  the  same  kinds  of  materials 
as  those  used  last  year  were  again  purchased  of  the  same  dealers. 
Naturally  enough,  some  of  them  differed  a  little  in  composition  from 
the  previous  samples,  as  hiay  be  seen  from  the  analyses  reported  on 
pages  8  to  12  of  this  Bulletin.  As  a  matter  of  course,  the  land  had 
to  be  spaded  this  year,  since  a  plough  would  have  disturbed  the 
stakes  by  which  the  squares  were  marked. 

The  fertilizers  were  applied  and  the  seeds  sown  in  the  same  ways 
as  before,  with  the  exception  that  the  barley,  instead  of  being  strewn 
broadcast,  was  now  sown  in  little  drilk,  33  centimetres  apart,  in 
order  that  it  might  be  thoroughly  covered  with  soil,  to  protect  it 
from  the  depredations  of  birds. 

The  summer  of  1872  was  remarkable  for  an  almost  constant  suc- 
cession of  severe  thunder-showers,  which  greatly  injured  the  experi- 
mental crops.  The  soil  of  the  field,  resting  upon  loose  gravel,  ns  ex- 
plained on  page  80,  was  continually  leached  by  large  volumes  of  rain- 
water,  to  the  manifest  detriment  of  the  crops.  The  surface  of  the 
land  was  often  muddy,  and  at  other  times  crusted.  The  bean  crop 
auflfered  very  much  from  dirt  that  was  spattered  upon  it  by  the  fre- 
quent heavy  rains.  Not  only  was  the  growth  of  the  plants  hindered 
in  this  way,  but  many  leaves  that  dried  up  prematurely,  because  of 
injuries  caused  by  the  particles  of  dirt,  were  blown  away  before  the 
time  of  harvesting,  and  so  lost  altogether.  In  general  it  appeared 
that  the  less  food  the  plants  had  the  more  the  crop  suffered  from  this 
cause.  The  beans  could  not  be  hoed  so  frequently  as  in  the  previous 
year,  because  of  the  muddy  condition  of  the  land. 

*  Pmentad  to  the  Tniitaes  of  the  Massachusetts  Society  for  Promoting  Agricnl- 
ture»  March  S8, 1878. 
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The  barley  crop  seemed  to  sufifer  also,  in  many  instances,  from  dirt 
thus  spattered  upon  it,  as  well  as  from  the  frequent  wettings  to  which 
it  was  subjected.  The  well-known  objection  to  growing  any  grain 
crop  continuously  upon  old  land  filled  with  the  seeds  of  weeds  was 
conspicuously  exhibited  during  the  latter  part  of  this  season.  Natu- 
rally enough,  during  the  term  of  frequent  showers  many  weeds  grew 
upon  all  the  barley  plots,  particularly  upon  those  to  which  farm  or 
stable  manure  had  been  applied.  Since  it  would  haye  been  impossible 
to  remoTe  these  weeds  without  disturbing  some  of  the  barley  plants, 
and  so  destroying  the  comparatiye  value  of  the  experiments,  they 
were,  of  course,  left  undisturbed  until  the  time  of  harvest.  It  should 
be  understood  that,  with  the  exception  perhaps  of  the  plots  dressed  with 
dung,  all  the  barley  crops  were  equally  affected  by  the  plague  of  weeds, 
and  that  consequently  the  comparative  valu6  of  the  results  obtained 
was  little,  if  at  all,  influenced  by  this  cause.  Indeed,  I  saw  no  reason 
for  believing  that  even  the  absolute  yield  of  either  of  the  crops  had 
been  lessened  to  any  material  extent  by  the  presence  of  the  weeds. 
For  that  matter,  the  weeds  were  neither  very  vigorous  nor  very 
abundant  until  after  the  barley  had  arrived  at  a  stage  of  growth  when 
the  fate  of  each  particular  crop  was  as  good  as  settled.  In  comparison 
with  the  inclement  weather  to  which  the  barley  was  exposed,  and  the 
insufficient  supplies  of  food  that  were  given  it,  the  weeds  were  but  a 
trifling  encumbrance. 

The  ruta-baga  crop  was  practically  a  total  failure,  owing  to  the  use 
of  bad  seed  (obtained  from  a  dealer  of  excellent  repute).*  Since  the 
badness  of  the  seed  would  be  likely  to  affect  all  parts  of  the  field  alike, 
the  crops  harvested  from  the  several  squares  were  all  weighed,  and  the 
results  are  tabulated  below ;  but,  as  was  the  case  with  the  drieid-up 
crop  of  1871,  very  little  importance  is  to  be  attached  to  the  results 
obtained  with  this  plant. 

The  weights,  in  kilogrammes,  of  fertilizers  used  and  of  crops  har- 
vested, will  appear  from  the  following  tables. 

*  In  a  ipecial  experiment  made  in  the  laboratory  subsequent  to  the  planting,  to 
test  this  seed,  a  lai^  proportion  of  it  failed  to  germinate. 
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Baanom  A. — Bttvl«y.  '-1878. 


BaaiOM  A*— Beaiu.^1872. 


WdghtB 

of  wuk&y 

grain. 


8 
7 
8 
1 
4 
6 
5 
9 
2 


2.45 
2.25 
2.18 
1.88 
1.75 
1.65 
1.64 
1.60 
1.45 


8 
5 
6 
1 
8 
4 
2 
7 
8 


Wetchts 

Of  bATtoj 

straw. 


9.05 
8.01 
7.86 
7.82 
7.22 
7.10 
6.55 
6.40 
6.15 


8 
5 
6 
8 
1 
4 
7 
2 
9 


Wdghto 
of  total 
barley 


11.50 
9.65 
9.50 
9.85 
9.15 
8.85 
8.65 
8.00 
7.75 


3^ 

i' 


2 
8 
1 
4 
7 
6 
9 
5 
8 


Weight! 

of  bean 

Beeds. 


10.27 
8.22 
7.51 
7.29 
5.87 
5.27 
4.52 
8.95 
8.78 


Welgbts 

<»fbean 

itiaw. 


6.18 
6.78 
6.89 
4.06 
4.08 
8.28 
8.18 
2.80 
2.82 


2 
8 
1 
4 
6 
7 
9 
5 
8 


Weight! 

of  total 
bean 
crops. 


16.00 

14.40 

12.90 

11.85 

9.80 

8.60 

7.80 

6.75 

6.10 


%tOBam  ▲•— Itiftt»-BacM.'-1878. 


Sccnoii  AA.^BiitiuBagl»«— 187t. 


2 

1 

7 

6 

8 

9 

8 

6, 

4 


! 


Weights 

of 

nita*baga 

roots. 


22.00 
20.00 
18.00 
17.75 

17.00 

18.25 
11.75 
11.50 


2 
6 
9 
8 
1 
8 
7 
5 
4 


Wdghts 

rata-baga 
tops. 


21.00 
18.00 
16.85 
16.60 
14.50 
18.75 
18.65 
12.00 
10.00 


2 
6 
1 
9 

7 
8 
8 
5 

4 


Weights 
of  total 

mta>baga 
crops. 


48.00 
86.00 
84.50 
88.85 
81.65 
80.75 
28.75 
28.75 
21.60 


! 


Wdriits 

rota-baga 
roots. 


28.75 
17.50 
16.75 

12.60 

11.76 

11.25 

9.75 

8.60 


i 


IS" 


;s 

9 
1 
8 
2 
8 
4 
5 


Weights 

m 
mta-baga 

tops. 


16.60 

18.75 
12.25 
11.25 
10.75 
10.26 
9.76 
9.26 


I. 

IS" 


7 
9 
8 
6 
1 
2 

i 

6 
4 


Weights 

of  total 

mta-baga 

crops. 


40.25 
81.25 
28.00 
26.00 
24.00 
28.26 
22.76 
21.60 
19.60 


SionoH  AA«-^B*i!lej«—1873. 


SKfxoH  AA. — BeavM.  —1872. 


We^ts 

of  baxlej 

grain. 


1 
8 
9 
6 
2 
7 
8 
4 
6 


} 


2.48 
2.83 
2.07 

2.05 

1.76 
1.46 
1.27 
1.14 


s 

9  Jt 

1^ 

Weights 

of  baiWj 

straw. 

7.98 

7.60 

7.52 

7.18 

7.04 

^F 

6.74 

6.70 

5.86 

4.78 

I 


n 


6 
8 
2 


I] 


6 
4 


Weights 

of  total 

barley 

crops* 


10.00 

'9.65 
9.60 

8.75 

8.60 

6.60 
6.00 


3- 

Weights 

of  bean 

seeds. 

2 

7.48 

8 

7.80 

4 

7.28 

1 

7.16 

5 

•6.62 

7 

5.98 

6 

6.61 

8 

6.48 

9 

5.10 

Weights 

of  bean 

straw. 


2 
1 
8 
4 
6 
7 
6 
8 

i 


Weights 
of  total 

.  bean 
crops. 


12.80 

12.20 

12.05 

10.90 

10.50 

9.65 

9.00 

8.75 

8.10 
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Sionoir  B*  — Bartoj*— 1872. 


Bicnoii  B«— Be«Bt.— >1872. 


Nos.  of  the 
squares. 

WeighU 

of  barley 

grain. 

Nos.  of  the 
squares. 

Weights 

ofbtfl^ 

straw. 

Nos.  of  the 
squares. 

Weights 
of  total 
barley 
crops. 

Nos.  of  the 
squares. 

WelghU 
ofbeui 
seeds. 

-If 
1 

Weights 

of  bean 

straw. . 

Nos.  of  the 
squares. 

WciKl&ts 

oftotel 

bean 

eropa. 

1.76 

7.60 

9.25 

6.41 

6.84 

12.76 

1 

1.65 

6 

7.24 

6 

9.00 

2 

5.60 

4 

866 

4 

9.10 

9 

1.56 

8 

6.40 

9 

7.15 

4 

5.44 

8 

3.21 

7 

7.60 

7 

1.24 

9 

5.59 

8 

7.00 

7 

4.66 

7 

2.94 

8 

7.60 

2 

0.97 

4 

4.20 

u 

5.00 

8 

4.29 

9 

2.70 

2 

7.25 

Ji 

0.80 

2 

4.08 

6 

4  05 

6 

2.60 

6 

6.65 

5 

8.50 

5 

4.25 

9 

8  55 

8 

1.17 

9 

6.25 

5 

0.75 

8 

8.20 

8 

4.00 

8 

0.98 

5 

0.99 

8 

2.10 

8 

0.60 

7 

2.61 

7 

8.85 

5 

0.66 

5 

1.65 

SionoN  B«— Buta-BasM.— 1872. 


Sktigr  BB*— Baia«Basai«— 1873. 


1^        Nos.  of  the 

squares. 

Weights 

of 

rutarbaga 

roots. 

81.00 

6 

20.00 

1! 

15.00 

7 

11.25 

8 

10.26 

4 

9.00 

9 

6.25 

5 

2.75 

'si 

8-  0 


2 
8 
6 

8 
7 


Weights 

>f  the 
res. 

Weights 

^t 

Weights 

^i 

Weights 

of 

of  total 

^  s 

of 

%m  E 

of 

ruta-baga 

••s 

ruta-baga 

ruta>baga 

ruta>baga 

tops. 

2 

crops. 

1" 

1 

roots. 

1 

tops. 

26.00 

56.00 

22.25 

17.25 

17.60 

6 

85.76 

4 

12.00 

4 

9.00 

16.75 

8 

27.75 

6 

6.26 

9 

6.26 

12.50 

8 

27.50 

2 

5.76 

6 

5.25 

10.25 

1 

22.50 

9 

5.50 

t\ 

4.50 

8.75 

7 

21.50 

5 

2.60 

7.50 

4 

17.75 

3 

2.26 

5 

.4.00 

9 

13.75 

8 

1.50 

3 

2.50 

7.25 

5 

10.00 

7 

1.25 

7 

2.00 

1^!  Weight! 
<gfi>   of  total 
.  S  ruta-baga 
I?,    crop*. 


1 
4 
9 
6 
2 
5 
8 
8 
7 


39.50 

21.00 

11.76 

11.50 

10.25 

6.50 

6.10 

4.76 

8.25 


Sicnoir  BB.  —  Barley.  —1872. 


BBOnoir  BB.  —  Beaut. — 1872. 


4 
1 
7 
2 
6 
8 
9 
5 
8 


WelghU 

of  barley 

grain. 


2.86 
2.76 
2.65 
2.41 
2.11 
2.10 
1.50 
1.81 
1.05 


4 
1 
7 
8 
2 
9 
8 
6 
5 


Weights 

of  barley 

straw. 


10.14 
9.89 
8.20 
8.15 
7.94 
5.65 
5.10 
4.89 
4.54 


IJ 


4 
1 
7 
2 
8 
9 
6 
8 
5 


Weights 
of  total 
bariey 
crops. 


18.00 

12.65 

10.85 

10.85 

10.25 

7.15 

7.00 

6.15 

5.85 


5 


^1 


4 

7 

6. 

2 

1 

8 

9 

8 

5 


Weights 


6.82 
^.76 
5.19 
4.58 
4.46 
4.24 
2.65 
2.25 
1.58 


I 


IS" 


4 
1 
7 
6 
8 
2 
9 
5 
8 


Weights 

oflMan 

straw. 


4.68 
8.79 
8.74 
8.61 
8.46 
8.42 
2.50 
1.82 
1.65 


I^T 


4 
7 
6 
1 
2 
8 
9 
8 
5 


Weights 

of  total 

bean 

crops. 


11.00 
9.50 
8.80 
8  25 
8.00 
7.70 
6.15 
8.90 
8.40 
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Sionoir  C«— Barl«j«— 1872i 


SionoN  O.  — Beaut.— 1873. 


9 

Weights 

of  bul^ 

grain. 

9 

Weights 

of  nuiej 

straw. 

9 

Weights 

of  total 

barlej 

crops. 

Weights 

of  bean 

seeds. 

ti 

St 

4 

Weights 

othmu 

straw. 

a 

Weights 

of  total 

bean 

crops. 

1.45 

5.40 

6.85 

4 

1.60 

1.40 

4 

8.00 

3 

1.24 

6 

4.58 

5! 

5.65 

2 

0.90 

2 

1.10 

2 

2.00 

6 

1.07 

8 

4.41 

1! 

0.84 

8 

0.81 

8 

1.15 

2 

0.90 

2 

4.85 

2 

5.25 

1 

0.76 

I  ) 

8 

7 

0.88 
0.87 

7 
8 

8.88 
8.87 

IS 

4.75 

l\ 

.  0.29 

2! 

0.71 

1.00 

5 

0.76 

1 

8.44 

1 

4.15 

i) 

0.26 

9 

0.59 

9 

0.85 

1 

0.71 

5 

8.09 

5 

8.85 

1 

0.24 

5 

0.16 

7 

0.65 

4 

0.52 

4 

2.88 

4 

8.85 

5 

0.50 
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SEcnoN  CC. — Buia«Bftsas.  — 1872. 
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Weights 

o 

WeighU 

I'S  S 
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Ip 

Weight! 

■^8 

WeighU 

^1 

of 

%*  s 

of 

of  total 

of 

'sa 

of 

^5 

of  total 

2 

8 

nita-baga 

o  3 

1^ 

ruta-baga 

51 

rufta-baga 

S3 

ruta-baga 

■i    Si 

ruta-baga 

ruta-baga 

roots. 

tops. 

11^ 

6 

crops. 

IS* 

roots. 

1^ 

i! 

tops. 

crops. 

15.00 
9.25 

n 

17.50 

31.00 
24.50 

7 
4 

11.25 
11.00 

12.60 

23.50 

8 

9.00 

2 

16.00 

7 

24.10 

1 

7.60 

7 

12.26 

1 

20.00 

1 

800 

8 

14.50 

8 

23.75 

2 

5.50 

2 

9.60 

2 

15.00 

6" 

7.00 

9 

14.25 

1 

21.75 

6 

4.75 

6 

8.25 

6 

13.00 

7 

6.50 

1 

13.75 

3 

21.50 

5 

8.75 

8 

7.60 

8 

10.75 

9 

5.25 

8 

12.60- 

9 

19.50 

8 

8.25 

9 

7.00 

9 

9.60 

5 

5.00 

4 

11.50 

4 

15.00 

9 

2.60 

3 

6.26 

i\ 

8.00 

4 

8.50 

5 

7.75 

5 

12.75 

8 

1.76 

6 

4.25 

Sicnoir  CC. — Barlej.  — 1872. 


Sionoir  CC.  —Beans. — 1873. 
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1 

5 

7 
6 

4 
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o- 

• 

• 

Weights 

^8 

Weights 

WeighU 
of  toUl 

^  E 

of  barlej 
grain. 

9 

of  barley 
straw. 

o  8 
9 

barley 
crops. 

7 

2.13 

7.37 

9.50 

1.61 

8 

6.24 

8 

7.85 

8 

2 

5.89 

2 

7.60 

2 

1.80 

1 

4.95 

1 

6.25 

9 

1.06 

5 

4.69 

5 

5.66  • 

•5 

1.05 

7 

4.20 

7 

5.25 

i\ 

0.92 

8 

8.63 

4 

4.85 

0.88 

4 

8.47 

S! 

4.25 

6 

0.72 

6 

8.83 

1 

4 

WeighU 

of  bean 

Beeus. 


2.28 
1.48 
0.65 
0.63 
0.21 

0.15 

0.09 
■0.05 


1^ 


7 

8 
9 
2 
6 
5 


WeighU 

of  bean 

straw. 


2.27 
1.82 
1.07 
1.90 
0.81 
0.79 

0.75 

0.60 


9 

J3 


7 
8 
2 
9 
5 


I 


4 

1 


WeighU 

of  total 

bean 

crops. 


4.50 
8.80 
1.65 
i:60 
1.00 

0.90 

0.80 
0.75 
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BMnoK  D*** 


•**18Tt. 


7 
8 
4, 

1 
8 
6 
6 
9 
2 


Wdffhtf 

of  burlqr 

grain. 


2.87 
2.09 
2.03 
1.86 
1.29 
1.24 
0.97 
0.98 
0.71 


7 
4 
8 
1 
2 
8 
5 
6 
9 


Wtiffate 
ofbtfltj 

■tAW. 


8.88 
6.97 
6.76 
4.99 
4.44 
4.21 
4.08 
4.01 
8.42 


r 


I' 


7 
4 

8 
1 
8 
6 
2 
5 
9 


Weight! 

oftotel 

iMriejr 


10.75 
9.00 
8.85 
6.85 
JB.50 
5.25 
6.15 
5.00 
4.85 


4 
7 
6 
8 
1 
9 
5 
8 
2 


wtigfaiB 

of 


8.18 
2.29 
0.59 
0.25 
0.16 
0.15 
0.14 
0.10 
0.06 


! 

8ar 

as 


4 
7 
6 
5 
9 

i\ 

8 

8 


W«lgfali 

ofbeaa 

stnw. 


2.82 
1.71 
1.06 
0.76 
0.70 

0.59 

0.55 
0.45 


J 


1^ 


4 
7 
6 
5 
9 
1 
8 


2 
8 


1 


oftotel 


cmpt. 


5.50 
4.00 
1.65 
0.90 
0.85 
0.76 
0.70 

0.65 


SionoK  D.  —  Buta-BagMU— 1872. 


SionoN  DD»  —  Buta-Basai*  ~  1872. 
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9 


8 
6 
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WeljThts 
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450 
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7 
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2 
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2.00 


i 


Weights   S  s  I  Wdi^ti 
of        '3  ^    of  tolal 

rQta-haga|j     r  Tata-baga 
tops;     |!  §  £     crops. 


2 

4 
1 
7 
5 
8 
6 
8 
9 
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9.25 
9.00 
6.50 
5.25 
3.25 
2.50 
2.25 
1.50 


StcnoR  DD.  - 

-Barlej 

.-1871 

SaonoH  DD.  • 

— B«ant. 

—1872. 
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barl^ 

crops. 

Weights 
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it 
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Wfighls 
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4 

grain. 

1^ 

2 

straw. 

1 
4 

1^ 

seeds. 

4 

straw. 

1^ 

4 

crop*. 

2.08 

6.73 

8.75 

4 

1.78 

1.57 

8.35 

2 

1.92 

4 

6.72 

2 

8.65 

5 

0  49 

8 

0.99 

5 

1.40 

8 

1.58 

5 

5.50 

5 

7.00 

6 

042 

2 

0.94 

6 

1.30 

5 

160 

8 

4.72 

8 

6.25 

2 

0.81 

5 

0.91 

2 

125 

6 

1.42 

6 

4.58 

6 

6.00 

8 

0.21 

6 

0.88 

3 

1.20 

7 

1.23 

1 

4.16 

it 

5.25 

• 

9 

0.18 

1 

0.62 

51 

0.70 

8 

1.18 

7 

4.02 

8 

0.14 

8 

0  56 

1 

1.09 

8 

'8.62 

8 

4.75 

7 

O.IQ 

9 

0.52 

'  1 

0C5 

9 

.  0.77 

9 

1 

2.78 

9 

3.50 

1 

0.03 

7 

0.50 

1^ 

O.GO 

1 
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It  is  to  be  observed  that  although  the  barley  and  the  bean  crops  of 
1872  are  veiy  light,  owing  in  part,  no  doubt,  to  the  bad  season  as  well 
as  to  the  exhausted  condition  of  the  land,  the  results  obtained  with 
them  are,  on  the  whole,  excellent.  These  results  are  not  only  per- 
fectly coherent  and  comparable  among  themselves,  as  were  those  of 
1871,  but  they  are  actually  better  than  the  latter,  in  so  far  as  the 
barley  crops  of  1872  were  all  safely  secured  and  weighed.  No  sus- 
picion or  uncertainty  attaches  to  any  of  them,  such  as  the  depreda- 
tions of  rats  imparted  to  the  crops  of  1871. 

The  results  obtained  on  Sections  A  and  AA  are  not  comparable 
with  those  of  the  remaining  sectionsi  since,  as  has  already  been  stated 
on  page  86,  the  soil  of  A  and  AA  is  much  better  than  that  of  the  re- 
mainder of  the  experimental  field.  But  it  is  plain  from  the  other 
results  that  the  land  needs  potash  rather  ihsai  phosphoric  acid  or 
nitrogen.  The  addition  of  potassic  manures  to  the  soil  manifestly 
enables  the  crops  to  make  use  of  a  certain  store  of  {^osphoric  acid 
and  nitrogen  that  the  land  contains.  It  is  clearly  shown,  moreover, 
that  the  amount  of  available  potash  in  the  land  must  be  very  small^ 
since  neither  the  phos];^atic  manures  nor  the  nitrogenous  manures  by 
themselves,  nor  mixtures  of  the  two,  such  as  several  of  the  so-called 
superphosphates  are  known  to  be,  could  enable  the  crops  to  get  potash 
enou^  from  the  soil  to  keep  them  from  starving,  after  the  first  year. 
Enough  has  been  learned  evidently  from  the  experiments  of  1871-  72 
to  justify  the  trial  next  year  of  mixtures  of  fertilizers  such  as  shall  be 
competent  to  supply  the  place  of  faun-yard  manure  upon  the  field  in 
que8ti< 
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No.  7.  —  A  Record  of  Trials  of  variotcs  Fertilizers  upon  the  Plain^ 
field  of  the  Bu&sey  InstittUion.     By  F.  H.  Stoker.     Third 
Report    Results  obtained  in  1873.     With  a  Reviefiv  of  the  Three 
Tears'  Course  of  Eocperimemts. 

The  field  experiments  of  1873  were  of  two  kinds  or  classes.  Those 
of  the  one  class  were  exact  repetitions  of  the  experiments  of  1871  and 
1872,  described  in  the  preceding  reports ;  while  the  other  class  com- 
prised trials  of  a  number  of  mixed  fertilizers,  which  were  compounded 
with  the  yiew  of  competing  with  farm-yard  manure.  For  the  sake  of 
convenience,  the  experiments  with  mixtures  will  be  described  first. 
The  argument  on  which  the  mixtures  were  based  was  as  follows  :  — 

It  appears  from  the  best  crops  obtained  in  1871,  that  as  much  as 
8.5  kilogrammes  of  barley  grain  and  23  kilogrammes  of  barley  straw, 
10  kilogrammes  of  beans  and  \\  kilogrammes  of  bean  straw,  81  kilo- 
grammes of  ruta-bagas  and  47  kilogrammes  of  ruta-baga  leaves,  may 
be  harvested  respectively  from  one  of  the  5X6  metre  squares  of  the 
experimental  field.  But  from  Wolff's  table  of  the  average  composition 
of  agricultural  plants,  as  shown  by  analysis  (cited  in  Johnson's  '*  How 
Crops  Grow,**  New  Yprk,  1868,  p.  376),  we  know  that  there  is  ordi- 
narily taken  off  the  land  in  crops  of  these  kinds  and  amounts  the  fol- 
lowing quantities  of  potash,  phosphoric  acid,  and  nitrogen,  namely: — 


B7  8.6kQo. 

gnmmMof 

bwlej  gnin. 

By  28  kilo- 
gnmmMof 
bwley  Btnw. 

TotiO. 

Hence  Mieh  tqaan 

•hoaldnoeiTe 

ftboak 

Ormf. 

QtnoM. 

Gnni. 

Orau. 

Potash    . 

.     .  41 

214 

255 

250  K,0. 

Phosphoric 

acid  61 

42 

108 

100  P,0^ 

Nitrogen. 

.     128 

110 

238 

200  N. 

BylOUlo- 

gmnmesof 

beau. 

ByllWU)- 

gnunmesof 

beanitnw. 

TotiO. 

Henee  eaeh  M  nan 

should  leoeive 

•bout 

Gmu. 

QfttOM, 

Onoi. 

GmoM, 

Potash    . 

.      120 

209 

329 

330 

Phosphoric 

acid  80 

44 

124 

125 

Nitrogen 

.      400 

176 

576 

200* 

*  Only  abont  one  third  of  the  amount  of  nitrogen  in  the  mazimnm  crop  was 
taken,  from  fear  that  a  lai^  amount  might  do  harm.  The  experiments  of  1871  and 
1872  had  shown  conclusively  that  in  presence  of  carbonate  or  sulphate  of  potash 
the  bean  crop  conld  obtain  a  good  deal  of  nitrogen  from  the  hnmos  in  the  sofl. 
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BySlkno- 
grmmmef  of 
ruta-bagM. 

Bj47]dlo- 

gmmmea  of  nita- 

baga  le«T«s.. 

TotaL 

Henoe  each  mi 
should  reoeii 
aboat 

Oniu. 

Ornis. 

Grms. 

Gnni. 

Potaah    .    .     243 

150 

893 

400 

Phosphoric  acid  81 

61 

142 

150 

Nitroiren     .     200 

about  150 

850 

200* 

The  purpose  of  the  mixtures  was :  1st,  to  produce,  if  possible,  crops 
as  large  as  any  that  had  been  preyiouslj  obtained  upon  the  field  by  the 
use  of  farm-yard  manure ;  2d,  to  determine  which  of  the  ayailable 
sources  of  potash  is  to  be  preferred ;  3d,  to  try  which  of  the  phos- 
pbatio  and  nitrogenous  manures  that  had  been  employed  in  1871  and 
1872  were  best  suited  to  use  with  the  potash  compounds ;  and  4th,  to 
get  a  set  of  results  from  mixed  fertilizers  that  could  be  compared  with 
those  already  obtained  by  .the  use  of  simple  fertilizers  and  with  those 
that  had  been  obtained  with  &rm  and  stable  manure. 

It  may  here  be  said  that  the  experiments  actually  tried  with  mixed 
fertilizers  were  only  a  part  of  those  originally  planned.  It  was  found 
at  the  time  of  planting  that  the  preparation  and  proper  application  of 
such  a  variety  of  materials  required  a  very  large  expenditure  of  skilled 
labor, — so  much,  indeed,  that  it  was  altogether  impracticable  to 
apply  a  considerable  number  of  mixtures  that  had  been  proposed. 
The  character  of  some  of  the  fertilizers  employed  might  perhaps  have 
been  improved  upon.  Thus  the  mixtures  of  low-grade  superphosphate 
of  lime  and  rough  nitrogenized  matters  that  were  used  in  several  in- 
stances are  manifestly  ill  adapted  for  the  preparation  of  precise  and 
definite  mixtures.  But  since  these  materials  had  been  used  of  neces- 
sity for  the  experiments  of  1871  and  1872,  at  a  time  when  no  simple 
superphosphate  could  be  procured,  it  was  thought  best  to  continue  to 
use  them  in  the  manner  indicated  in  the  tables :  that  is  to  say,  an 
amount  of  each  of  the  phosphatic  manures  sufficient  to  supply  the  re- 
quired phosphoric  acid  was  taken  in  each  instance,  and  a  certain 

* 

allowance  was  made  for  the  nitrogen  that  the  material  contained,  as 
will  be  seen  from  the  variations  in  the  amounts  of  sulphate  of  ammonia 
and  nitrate  of  soda  that  were  applied  to  the  several  squares.  The 
last-named  chemicals  were,  commercially  speaking,  pure.  The  mix- 
tures tried  and  the  amounts  of  crops  obtained  by  their  use  will  appear 
from  the  foUowing  tables.    The  arrangement  of  the  squares  and  their 

*  Len  nitrogen  than  the  theoretical  amount  was  pnrpoeely  taken. 
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lion  fis  ngflrda  Sections  D,  DD,  and  CC,  described  in  the  preriona 
rts,  will  be  seen  from  tbe  diagram.    Compaie  page  83. 
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Seotloil  E.  —  Baslst.  — 1873. 
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pi. 
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Neither  crop  nor  nuumie     .... 

910 
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»  nilpliAta  of  ammonlft    .    A 

us 

714 
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"         «        "   pMMh    .    .     . 

urn 
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888 
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"        "        "potMh    .    .    . 

iSS 

*00 
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«  Breck'i  fins  bone-meal      . 
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0.5S0 

8. 

7U 
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f      607 

476 
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"  fl*h-acrap 

0.478 
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8. 

(    1400 
400 

"  Peruvlui  gnftuo  .... 
'■  sulphate  of  poUuh    .    .     . 

1.103 

8.898 

6. 

18G60 

iseso 

"  oytter-»helI  lime  ...    . 

0.687 

8.068 

E.  —  Bablbt.  — 1878. 


■qww 

Wdgbti  alaoj: 

Kind)  uA  otlihM  «f  MtiUvn. 

0«h. 

**s:r 

1164  gmu.  nitrate  Of  (oda    .    .    . 
J    463    "      tnlphateofpotath  .    . 

flIS9     ••      nitntteofeoda    .     .    . 
■      468     "      gulphatoofpotaih.    . 
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rU09     "     nitrate  of  «od»   .    .    . 
'     468     »      nilphate  of  potaah  .     . 
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1 
} 

0.946 

1.881 
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0.893 
IM7 

4.086 

5.110 

6.484 
1.868 
4.868 

s. 

6. 
7. 

ril88     "      nitrate  of  loda    .    .     . 
J    4«8     «     inlphate  of  potwh.    . 
L  400    "     fine  bone-meal   .    .    . 

6. 
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Seotioil  EE.  —  Bablet  (oontimied).  — 1873. 
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6.688 
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Plot  p.  —  Ruta-Baoab.  — 1&73. 
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,. 

W^tftateoTaoi...               1 

. 

ElBdi  OA  ndchU  orbrtDlm. 

O^io. 

8tnw  Mid       loM      1 

2778  gn 
660    ' 

od     b 

1.S40 

i.soe 

1.836 
0.882 
0.186 
0.462 
0.860 

6.710 
4.946 
6.166 
E.618 
1.816 
2.789 
1.900 

7.2W 
6.260 
6.500 
8.000 
2.000 
8.160 
2.260 

■nlpluito  of  Mumonift 

. 

1S12    ' 
4444    • 
8100    ■ 
888    ■ 
488     ' 
1212    ' 

nitraleofsoda  .    . 

. 

iQlphnteofpotMb. 
nitr«teofiod»  .    . 

463    " 
B52    - 

8100    " 
468    ■ 
888    • 
468    • 

1660    ' 
286    " 

■nlphateofpotuh. 

talphkteofpotMh. 

lulpUteofpotwh. 

iulr»teofwd*   .    . 

BDLLETM  OF  THE  BD8SKT  MSTITCTIOH. 


Three-Crop  Plots.  —  Bkaks.  — 1873. 
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Three-Crop  Plots.— Rota-Bagah.  — 1873. 
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Table  sHowiNa  the  Best  and  the  Worst  Bablet  Crops  obtained 
IN  1873  bt  the  Use  of  Mixed  Fertilizers. 


NaiDMand 

nof.  of 
theaqnmiM. 

Wd^ts  of  hvitj 
grain. 

NaoMfland 

not.  of 
tiMiqiurM. 

Wd^ts  of  buley 
■traw. 

Namfltand 

mot.  of 
theiqamrM. 

Welglits  of  total 
backj  crops. 

EE7 

1.662 

G 

5.710 

EE7) 
G 

7.250 

G 

1.540 

EE7 

5.588 

EE8 

1.516 

EE8 

5.484 

EE8 

7.000 

EE5 

1.887 

H 

5.165 

EE2) 
H 

6.500 

EE2 

1.881 

EE2 

5.119 

H 

1.885 

GG 

4.945 

EE5) 
GG 

6.250 

GG 

L805 

EE5 

4.868 

EE8 

1.271 

EE8 

4.229 

EE8 

5.500 

EE6 
E9 

1.195 
1.102 

^Me} 

4.055 

EE6 

EEl) 

E9 

5.250 
5.000 

EEl 

0.945 

S9 

8.898 

E2 

0.765 

E2 

8.785 

E2 

4.500 

E8 

0.695 

E4 

8.598 

E4 

4.000 

X 

0.687 

E5 

8.220 

E8  ^ 

E6 

0.689 

E7 

8.150 

E5 

8.750 

E7 

0.600 

X 

8.068 

E7     ' 

Y 

0.559 

E8 

8.055 

X     J 

E5 

0.530 

E8 

8.028 

E6    ) 

8.500 

E8 

0472 

E6 

2.861 

E8 

K 

0.452 

K 

2.789 

K 

8.250 

E4 

0.407 

J 

2.618 

J 

8.000 

EE4 

0.892 

Y 

2.191 

Y 

2.750 

J 

0.882 

KE 

1.900 

EE4) 
EK  ) 

2.250 

KK 

0.850 

EE4 

1.858 

JJ 

0.185 

JJ 

1.815 

JJ 

2.000 

Table  showing  the  Best  and  the  Worst  Bean  Crops  obtained 
IN  1873  by  the  Use  of  Mixed  Fertilizers. 


• 

Names  and 

DOS.  of 
thotquares. 

Welgfata  of  bean 
fleedf. 

Names  and 

noi.  of 
the  sqoaiee. 

Weights  of  bean 
straw. 

Names  and 

nos.  of 
the  squares. 

Weights  of  total 
bean  crops. 

*N7 

5.929 

N7 

9.100 

N7 

15.029 

S8 

5.588 

88 

8.280 

88 

18.868 

89 

5.275 

N8 

8.098 

N8 

18.098 

G 

5.148 

N9 

8.091 

N9 

12.984 

N8 

5.005 

GG 

7.846 

GG 

12.702 

H 

4.974 

81 

7.816 

G 

12.801 

N9 

4.898 

88 

7.288 

H 

12.199 

GG 

4.856 

H 

7.225 

89 

12.061 

N2 

•     4.829 

N8 

7.167 

N8 

11.928 

N8 

4.756 

G 

7.158 

81 

11.881 

81 

4.565 

N2 

6.915 

N2 

11.744 

82 

4.449 

89 

6.787 

88 

11.599 

•  Inthiitibl0NfliMidfibrEliMr«%,aadBibrlltMrt4. 
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Table  showing  the  Best  and  Worst  Bean  Crops  (continued). 


Ifamessnd 

DOS.  of 
heiqnares. 

Weights  of  beta 
seeds. 

Names  and 

nos.  of 
the  squares. 

Weights  of  bean 
straw. 

Names  and 

DOS.  of 

the  squares. 

Weights  of  total 
bean  crops. 

S8 

4.811 

82 

6.784 

82 

11.283 

84 

4.802 

84 

6.684 

84 

10.986 

86 

.     4.219 

N4 

6.854 

N4 

10.558 

N4 

4.199 

Nl 

6.224 

Nl 

10.294 

Nl 

4.070 

N6 

5.912 

8  6 

10.078 

J 

8.851 

86 

5.859 

N6 

9.735 

N6 

8.818 

J 

5.101 

J 

8.952 

JJ 

8.797 

K 

4.769 

K 

8.150 

K 

8.881 

KK 

4.756 

KK 

8.040 

KK 

8.284 

Z 

4.648 

JJ 

7.629 

Z 

2.107 

JJ 

8.882 

Z 

6.750 

N5 

1.122 

N5 

8.086 

N5 

4.208 

85 

0.912 

85 

2.904 

85 

8.816 

Owing  to  the  unfavorable  seajson,  which  will  be  described  further 
on,  the  barley  crops  were  all  so  small  that  the  results  tabulated  above 
are  hardly  worth  discussing.  It  will  be  noticed,  however,  that  in  more 
than  half  of  the  trials  with  mixed  fertilizers  the  yield  of  grain  was 
larger  than  in  the  case  of  the  best  crop  obtained  by  the  use  of  farm 
manure  (see  beyond),  and  that  five  sixths  of  these  crops  were  better 
than  the  mean  of  the  four  trials  with  farm  and  stable  manure.  The 
ruta-baga  crops  also,  though  the  season  was  favorable  for  the  growth 
of  this  plant,  suffered  so  much  and  so  irregularly  from  the  depreda- 
tions of  the  turnip-fly,  that  no  comparisons  can  be  made  between  the 
several  squares.  Hence  no  general  table  of  the  results  obtained  with 
this  crop  haa  been  given.  For  example,  there  were  only  30  nita-baga 
plants  harvested  from  Square  F  8  against  136  plants  from  K.  It  can 
be  said  only  that  excellent  crops  of  ruta-bagas  were  obtained  in  every 
instance  by  the  use  of  the  mixed  fertilizers.  The  individual  plants 
were  large  and  £^r  and  soimd.  With  but  two  exceptions,  each  of  the 
squares  yielded  some  roots  that  weighed  from  three  to  six  kilogrammes 
apiece.  The  contrast  between  these  well-fed  roots  and  the  miserable 
specimens  obtained  from  the  exhausted  soil  of  Sections  C  and  D  was 
most  striking.  Many  of  the  latter  were  smaller  than  a  man's  finger. 
Upon  Square  D  1,  for  example,  there  were  140  plants,  but  the  best 
root  among  them  weighed  22  grammes.  So,  too,  the  best  root  from 
Square  0  4  weighed  47  grammes. 
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The  bean  crops,  on  the  contrary,  are  good,  and  remarkable  for  their 
uniformity.  Thirteen  out  of  the  twenty-two  squares  to  which  mixed 
fertilizers  were  applied  yielded  at  the  rate  of  from  25  to  30  boshels 
oi  beans  to  the  acre,  while  three  yielded  rather  more,  and  six  some- 
what less.  There  was  manifestly  very  little  difference  in  the  efficacy 
of  the  mixtures.  The  differences,  for  example,  between  the  crops  on 
corresponding  squares  in  the  north  and  south  plots  of  Section  E£  are 
in  general  so  small  that  they  may  fairly  be  attributed  to  original  dif- 
ferences in  the  quality  of  the  soil  or  to  the  influence  of  external  cir- 
cumstances. The  three  best  crops  of  all  were  doubtless  influenced 
somewhat  by  the  presence  of  an  admixture  of  &rm-yard  manure  that 
had  been  left  on  the  land  during  the  previous  years.  It  has  already 
been  stated  (on  page  84)  that  the  land  to  which  the  mixed  fertQizeni 
were  applied  had  been  left  fallow  during  the  years  1871  and  1872,  for 
the  express  purpose  of  being  devoted  to  these  experiments  in  due  sea- 
son. The  intention  was,  of  course,  to  have  the  land  left  absolutely 
immolested,  with  the  exception  of  an  occasional  ploughing.  But  it 
was  found  impossible  to  accomplish  this  purpose.  Thus  the  teamsters 
who  brought  the  farm-yard  manure,  employed  in  the  experiments  of 
1871  and  1872,  would  occasionally,  in  the  absence  of  my  assistant  or 
myself,  deposit  a  load  of  the  dimg  along  the  edge  of  Section  DD,  in- 
stead of  putting  it  in  the  place  directed  ;  and  although  the  heaps  of 
manure  thus  left  were  immediately  removed,  some  portions  of  the 
dung  necessarily  remained  upon  the  soil.  Squares  £E  9  in  the  barley 
plot,  and  £E  7  in  the  south  bean  plot,  had  been  so  clearly  vitiated  in 
this  way,  that  nothing  was  planted  upon  them.  Square  EE  8,  in  the 
south  bean  plot,  was  known  to  have  received  a  certain  amount  of  con- 
tamination, and  we  were  in  doubt  as  to  the  other  squares  adjoining 
Section  DD,  namely,  EE  9,  south,  and  7,  8,  and  9,  north ;  but  from 
curiosity  to  see  what  effect,  if  any,  the  old  manuring  might  produce, 
it  was  decided  to  plant  them  all  It  is  plain  that  the  influence  of  the 
old  manuring  was  felt  somewhat,  and  the  fact  is  an  important  one, 
which  will  be  discussed  further  on.  It  is  to  be  noted  meanwhile  that 
the  results  obtained  on  the  sets  of  squares  numbered  7,  8,  and  9  can- 
not fairly  be  compared  with  the  rest. 

It  will  be  observed  that  little  benefit  was  derived  from  the  pbos- 
phatio  and  nitrogenous  components  of  the  mixed  fertilizers.  This  fkct 
is  clearly  seen  by  comparing  the  results  tabulated  above  with  some  of 
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those  given  beyond,  obtained  by  the  use  of  single  fertilizers.  Thus 
Square  BB  6,  which  received  in  1873  nothing  but  1336  grammes  of 
pearlash,  as  it  had  in  1871  and  again  in  1872,  gave  a  crop  of  4.561 
kilogrammes  of  beans ;  Square  B  7,  dressed  with  307  grammes  of  sul- 
phate of  potash,  gave  4.612  kilogrammes  of  beans;  BB  7,  dressed 
-with  2267  grammes  sulphate  of  potash,  gave  4.322  kilogrammes  of 
beans ;  and  B  4,  dressed  with  4095  grammes  of  wood-ashes,  gave 
4.734  kilogrammes  of  beans.  Not  a  square  in  the  entire  list  of  those 
treated  with  mixtures  yielded  so  large  a  crop  of  beans  as  was  obtained 
from  BB  4,  which  had  received  nothing  but  a  very  heavy  dressing  of 
wood-ashes  for  three  successive  years ;  it  yielded,  namely,  in  1873, 
6.610  kilogrammes  of  beans,  i.  e.  39  bushels  to  the  acre.  Wood-ashes 
gave  excellent  results  when  used  as  a  component  of  the  mixtures  (see 
G,  GG,  and  H),  as  well  as  in  the  instances  just  cited ;  and  there  can 
be  little  question  but  that,  as  a  general  rule,  they  would  act  better  as 
manure  than  any  single  potash  salt  representing  as  much  potash. 
Wood-ashes  are  more  serviceable  than  any  single  potash  salt,  not  only 
because  they  contain  some  phosphoric  acid,  lime,  magnesia,  and  the 
other  less  valuable  elements  of  plant-food,  but  because,  considering 
them  merely  as  a  potassic  manure,  they  contain  a  mixture  of  potash 
salts.  It  may  be  regarded  as  wellnigh  certain  that  a  given  amount  of 
potash,  applied  to  the  land  in  the  form  of  appropriate  mixtures  of  sul- 
phate, carbonate,  silicate,  and  chloride  of  potassium,  will,  generally 
speaking,  do  more  good  than  if  all  the  potash  were  applied  in  the 
form  of  either  one  of  these  compounds.  But  in  wood-ashes  we  find  a 
mixture  of  these  salts  ready  at  hand ;  not  the  best  mixture  perhaps, 
bat  one  already  formed,  and  in  this  country,  at  least,  very  generally 
obtainable. 

I  have  little  or  no  doubt  but  that  the  proportion  of  the  phos- 
phatic  and  nitrogenous  constituents  in  the  mixed  fertilizers  employed, 
and  often  that  of  the  potash  also,  might  have  been  lessened  very 
materially  in  almost  every  instance  without  appreciably  diminish- 
ing the  amounts  of  the.  bean  crops.  In  other  words,  it  would  prob- 
ably have  been  better  on  some  accounts  if  less  **  complete  "  mixtures 
had  been  employed  upon  a  certain  number  of  the  squares  of  Section 
££  The  reasons  for  making  the  mixtures  so  complete  were,  first, 
the  supposed  inherent  improbability  that  the  supply  of  nitrogen  and 
phosphoric  acid  in  the  land  could  be  sufficient  for  a  maximum  crop ; 
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secondly,  the  fact  that  somewhat  better  results  had  almost  always 
been  obtained  from  wood- ashes  in  the  previous  years  than  from  the 
simple  potash-salts ;  and  finally,  that  not  even  the  heaviest  application 
of  wood-ashes  had  given  crops  so  good  as  those  obtained  from  several 
of  the  squares  on  Sections  A  and  AA  that  had  been  treated  with 
limes.  I  did  not  know  until  the  autumn  of  1873  how  very  xnuch 
richer  than  the  rest  of  the  field  the  soil  of  Sections  A  and  AA  really 
was.  At  the  time  when  the  mixtures  above  mentioned  were  oom- 
pounded,  I  was  laboring  under  the  impression  that  the  good  results 
obtained  upon  Sections  A  and  AA  in  1871  and  1872  were  to  be 
wholly  ascribed  to  manure  that  had  been  applied  to  the  land  in  1870. 
But  the  continued  good  results  obtained  even  in  1873,  after  three 
years'  severe  cropping,  have  convinced  me  that  the  land  at  that  end 
of  the  field  must  either  have  been  occupied  as  a  garden  in  past  years 
or  have  been  on  some  special  occasion  drenched  and  overloaded  with 
fertilizing  materials.  It  need  hardly  be  urged  that  the  conduct  of 
the  experiments  would  have  been  materially  different  if  the  fact  of 
the  excessive  richness  of  the  land  of  Sections  A  and  AA  could  only 
have  been  known  earlier. 

The  crops  grown  upon  Squares  J,  JJ,  E,  and  KK  cannot  be  com- 
pared with  those  from  the  squares  of  Sections  EE,  G,  and  H ;  since 
it  was  observed  that  a  large  part  of  the  soil  of  each  of  the  squares 
first  mentioned  was  in  very  bad  condition.  Throughout  the  entire 
season  it  could  be  seen  that  while  the  crops  grew  as  well  upon  parts 
of  each  of  these  squares  as  they  did  upon  the  squares  of  EE,  they 
languished  upon  the  remaining  portions.  It  was  manifest  that  injury 
had  been  done  in  some  way  to  a  strip  of  land  running  through  the 
Squares  J  and  JJ,  K  and  EE.  I  am  uncertain  whether  the  trouble 
may  not  have  been  caused  by  the  exposure  of  subsoil  in  prevfous 
years  by  dead  furrows  that  perhaps  passed  through  the  place  now 
occupied  by  these  squares,  or  whether  the  ground  had  not  become 
compacted  by  the  passage  of  carts  that  were  employed  in  1872 
in  hauling  loam  from  a  neighboring  field  for  the  use  of  the  Horti- 
cultural Department.  Whatever  the  cause  from  which  the  land 
had  suffered,  it  was  found  that  the  injury  had  not  been  repaired 
in  a  single  year  by  the  careful  spading  to  which  the  land  was  sub- 
jected. 
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It  is  to  be  inferred  from  the  foregoing  results,  and  Sfrom  those  ob- 
tained by  the  use  of  single  fertilizers,  that  no  mere  manuring  of  the 
land  of  Section  EE  could  have  given  a  bean-crop  much  larger  than 
six  or  seven  kilogrammes  to  the  square,  or  from  thirty-six  to  forty 
bushels  to  the  acre.  It  is  plain,  at  all  events,  that  crops  so  large  as 
these  last  cannot  be  obtained  economically,  since  the  amount  of  fer- 
tilizing material  expended  in  their  production  is  out  of  all  proportion 
greater  than  that  which  proved  sufficient  for  the  growth  of  crops 
very  nearly  as  good.  It  has  been  seen  already  that  the  crops  obtained 
by  the  use  of  comparatively  small  amounts  of  fertilizers,  as  in  B  4  and 
B  7,  must  be  vastly  better  in  respect  to  cost  than  those  from  the 
squares  that  were  heavily  manured.  Perhaps  some  happy  combiua- 
tlon  of  farm-yard  manure  and  the  artificial  fertilizers  might  have 
increased  the  crop  a  little ;  but  the  number,  thirty-nine  bushels  to  the 
acre,  may  fairly  be  taken  as  that  of  the  largest  crop  obtainable  by  the 
use  of  manure  upon  the  land  in  question  under  the  conditions  thai  ob- 
tained in  the  year  1873.  So  many  bushels  of  beans  as  this  icom  the 
acre  of  poor  land  is  undoubtedly  a  large  yield,  and  the  result  is  the 
more  striking  in  view  of  the  almost  total  failure  of  the  contiguous 
barley  crops ;  but  it  would  seem  to  be  sufficiently  plain  that  the  lavish 
expenditure  of  fertilizing  materials,  by  which  the  largest  crops  were 
produced,  would  be  wholly  ui\justifiable  in  the  actual  farming  prac- 
tice of  this  region. 

It  has  been  shown  by  the  Grerraan  chemist  Hellriegel,*  that  in 
order  to  obtain  a  maximum  crop,  that  is  to  say,  the  largest  possible 
crop,  of  any  plant,  it  is  necessary,  not  only  to  supply  the  plant  with 
the  various  chemical  substances  which  serve  as  its  food,  but  also  to 
provide  certain  favorable  conditions  that  are  essentilal  to  the  well- 
being  of  the  plant,  and  to  present  the  food  under  these  conditions. 
Beside  mere  food  the  plant  must  have  sufficient  standing-room,  and 
plenty  of  Kght,  heat,  air,  and  moisture.  The  experiments  of  Hell- 
riegel  show  most  clearly  the  enormous  influence  that  is  exerted  upon 
the  quantity  of  a  crop  whenever  any  one  of  these  conditions  is  left 
unfulfilled,  or  is  only  partially  fulfilled.  It  is  only  when  each  and  all 
of  the  conditions  are  favorable,  and,  as  it  were,  in  just  proportion,  and 

*  In  a  most  admirable  series  of  researches  made  at  the  experimental  station  at 
Dahme.  See  Stoeckhardt's  Chemischer  Ackenmann,  1868,  14,  IS;  Hofimann*s 
Jahrabericht,  1866,  9,  146. 
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when  an  abundance  of  each  of  the  necessary  fertilizers  is  at  hand, 
that  the  "  normal  crop/*  that  is  to  say,  the  best  possible  crop,  is  ob- 
tained. By  attending  to  all  these  particulars  Hellriegel  has  suc- 
ceeded in  growing,  year  after  year,  upon  a  tolerably  lai^e  scale, 
examples  of  the  several  grain  crops  much  larger,  healthier,  and  more 
perfect  in  every  respect,  than  have  ever  been  met  with  in  field  prac- 
tice. He  has  been  able,  moreover,  to  produce  at  will  plants  of  deter- 
minate size  and  weight  by  varying  the  conditions  aforesaid,  though 
the  supply  of  food  was  unchanged,  and  to  obtain  repeatedly  the  same 
results  when  operating  under  like  conditions. 

Applying  these  truths  to  the  results  obtained  upon  the  experi- 
mental field  of  the  Bussey  Institution,  it  is  plain  that  this  field  lacks 
depth  of  soil,  and,  above  all,  that  it  lacks  water.  In  respect  to  these 
tVo  conditions,  the  field,  like  thousands  of  others  in  New  England, 
has  a  certain  natural  but  limited  capacity  to  profit  by  the  application  of 
manure.  It  is  useless  to  apply  much  manure  to  such  land,  unl^s  the 
season  should  happen  to  be  specially  favorable. 

The  results  of  the  three  years'  course  of  experiments  show  conclu- 
sively that,  imder  the  conditions  which  now  obtain,  the  land  is  totally 
unfit  for  any  system  of  "  high  farming."  On  the  contrary,  in  order 
to  be  farmed  with  profit,  it  must  necessarily  be  given  over  to  some 
system  of  low  farming,  in  which  the  expenditures  for  labor,  tillage, 
and  fertilizers  shall  be  small,  and  the  crops  proportionally  light  It 
is  plain  that  the  land  cannot  put  to  profitable  use  more  than  a  certain 
small  proportion  of  fertilizing  matters ;  and  for  that  very  reason  it 
can  at  the  best  only  produce  mediocre  crops.  The  land  is  not  "  strong" 
enough  naturally  to  justify  the  application  of  large  amounts  of  ma- 
nure.  It  cannot  give  to  the  manure  that  support  and  assistance  that 
is  needed,  in  order  that  the  fertilizing  constituents  of  the  manure 
may  be  used  with  advantage,  i.  e.  it  cannot  supply  the  conditions 
necessary  for  the  successful  growth  of  crops.  In  one  word,  the  land 
lacks  moisture.  As  has  been  stated  already,  on  page  80,  the  surface- 
soil  lies  some  fifty  or  sixty  feet  above  the  level  of  the  ground-water. 
The  layer  of  loam  in  which  the  plants  grow  is  thin,  and  the  bed  of 
gravel  beneath  the  loam  is  deep  and  coarse  and  open ;  so  that  the 
soil  quickly  becomes  diy  after  rain,  and  is  therefore,  in  our  climate, 
constantly  exposed  to  terms  of  drought.  It  would  be  impossible, 
economically  speaking,  to  deepen  such  a  soil.     There  is,  in  fact,  but 
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one  sure  way  to  elevate  its  character,  and  that  is  by  irrigation,  ap- 
plied to  grass  or  to  other  crops  suited  to  receive  it.  In  the  case  of 
this  particular  experimental  field,  it  would  not  be  difficult  to  keep 
the  soil  moist  by  pumping  water  with  a  windmill,  either  from  the  low 
valley  mentioned  on  page  80,  upon  the  one  side,  or  from  the  brook 
upon  the  other ;  and  the  same  thing  might  be  done  for  a  multitude 
of  similar  fields  throughout  the  entire  country.  Mr.  Marsh,  in  his 
"Man  and  Nature"  (New  York,  1864),  p.  367,  has  urged  long  ago 
that  the  natural  conditions  of  Piedmont  and  Lombardy,  where  irri- 
gation is  bestowed  upon  almost  every  crop,  are  in  some  respects  very 
like  those  which  obtain  in  New  England.  "  The  summers  in  Northern 
Italy,  though  longer,  are  very  often  not  warmer  than  in  New  England  ; 
and  in  ordinary  years  the  summer  rains  are  as  frequent  and  as  abun- 
dant in  the  former  country  as  in  the  latter,  ....  The  necessity  of 
irrigation  in  the  great  alluvial  plain  of  Northern  Italy  is  partly  ex- 
plained by  the  fact  that  the  superficial  stratum  of  fine  earth  and 
vegetable  mould  is  very  extensively  underlaid  by  beds  of  pebbles  and 
gravel,  brought  down  by  mountain  torrents  at  a  remote  epoch.  The 
water  of  the  surface-soil  drains  rapidly  down  into  these  loose  beds, 
and  passes  off  by  subterranean  channels  to  some  unknown  point  of 
discharge.'' 

The  fact  already  noticed  on  page  126,  that  somewhat  heavier  crops 
were  obtained  from  Square  EE  8,  known  to  have  received  some  farm- 
yard manure  in  1872,  and  from  the  other  squares,  numbered  7,  8, 
and  9  of  that  section,  which  are  supposed  to  have  had  farm  or  stable 
manure  thrown  upon  them  in  1871  or  1872,  is  probably  due  to  the 
great  diffusive  or  penetrative  power  of  the  nitrogenous  constituents 
of  dung.  Unlike  ammonia  and  potash,  the  soluble  nitrogenized 
constituents  of  dung  are  not  immediately  "fixed"  on  coming  into 
contact  with  the  soil.  On  the  contrary,  when  dissolved  in  water, 
they  soak  into  the  earth  in  all  directions  ;  and  although  the  diffusion 
is  undoubtedly  hindered  somewhat  by  the  mechanical  attraction  of 
the  soil,  i.  e.  by  mere  adhesion,  there  is  reason  to  believe  that  the 
substances  in  question  are  not  actually  arrested,  or  even  very  firmly 
held,  until  they  have  been  changed  to  the  condition  of  ammonia,  or 
to  that  of  some  one  of  the  more  or  less  inert  nitrogenous  constituents 
of  humus.  On  this  view,  it  is  evident  that  a  soil  manured  with  dung, 
i.  e.  with  dung  liquor,  must  be  thoroughly  charged  in  all  directions 
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itrogenoua  matters.  Wherever  the  roots  of  the  crop  may  turn, 
•e  sure  to  find  an  abundance  of  this  particular  form  of  food ; 

in  land  that  baa  been  permeated  with  soluble  phosphoric  acid 

application  of  a  true  superphosphate,  the  plant  can  every- 
find  all  the  phosphates  it  can  poBsibly  use.  It  is  easy  to  ei- 
II  this  way  the  high  esteem  in  which  dung  is  justly  held.  It 
isually  bappen,  at  least  tus  regards  poor  soila,  that  dung  will 
3r  this  reason  a  certain  superiority  as  manure  over  artificial 
es  of  chemicals,  unless,  indeed,  means  are  devised  for  coti- 
;  the  fixation  and  diffusion  of  the  nitrogenized  chemicals, 
s  the  ammonium  salts  and  nitrates.  Practically,  good  re- 
ould  be  got,  no  doubt,  by  using  aulpbate  of  ammonia  in  the 
I  mixture  of  fertilizers,  and  occasionally  applying  nitrate  of 
fterwards,  Aa  is  well  known,  the  objection  to  the  use  of 
;rate  by  itself,  or  rather  when  applied  all  at  once,  is  its  too 
-ate  of  diffusion.  The  soil  has  little  power  to  fix  or  hold  it 
ver  part  of  it  the  crop  cannot  immediately  put  to  use  is  quickly 
1  out  of  the  land  by  rains. 

opinion  very  generally  held  by  fanners  that,  even  as  a  mere 
>u  of  fertilization,  without  regard  to  any  advantage  that  may 
led  by  giving  the  food  to  cattle,  it  is  generally  sp)eaking  better 
f  dung  from  the  stable  to  the  field  than  to  plough  under  a  green 
r,  in  other  words,  the  common  prejudice  in  favor  of  manuring 
ung,  as  such,  rather  than  with  the  vegetable  matters  from 
the  dung  has  been  produced,  probably  depends  in  good  part 
lie  superior  diffusive  power  of  the  nitrogenous  constituents  in  ' 
ng.     The  benefit  derived  from  mere  concentration  of  the  fer- 

components,  through  the  removal  of  the  organic  matters  that 
laled  in  the  breath  of  the  animals  when  vegetable  substances 
uced  to  the  state  of  dung,  must  be  largely  offset  by  the  costs 
isportation  and  of  applying  the  dung,  and  a  considerable 
t  of  fertilizing  material  is  necessarily  lost  during  the  process 
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Trials  of  Sinolb  Fertilizers. 

The  results  of  the  trials  of  single  fertilizers  in  1873  will  appear 
from  the  tables  that  are  given  below.  The  experiments  were  abso- 
Inte  repetitions  of  those  of  1871  and  1872,  with  the  exception  that  a 
considerable  number  of  the  latter  were  omitted  altogether,  such,  for 
example,  as  those  of  Section  DD,  and  a  number  of  duplicates  m  C  and 
CC.  The  reason  of  thesg  omissions  was  that  the  experiments  of  1871 
and  1872  had  shown  that  no  results  commensurate  with  the  labor 
that  would  have  to  be  expended  were  to  be  expected  from  the  further 
continuance  of  these  particular  trials.  The  land  was  prepared  and 
planted  as  in  1872,  and  the  fertilizers  were  bought  and  applied  in 
the  same  way.  The  season  of  1873  was  remarkably  unfavorable  for 
all  early  crops,  since  a  drought  of  almost  unprecedented  severity  pre- 
vailed during  May  and  June.  In  the  latter  part  of  July,  on  the  con- 
trary, and  through  August  and  September,  the  season  was  highly 
favorable.  As  a  consequence  of  these  conditions  the  barley  crop  was 
completely  ruined,  the  beans  did  fairly  well,  and  those  ruta-baga 
plants  that  had  escaped  the  fly  grew  luxuriantly  on  all  the  squares 
that  could  supply  the  necessary  food.  It  should  be  said  of  this  last 
crop  that  the  seed  employed  this  year  was  excellent,  but  it  happened 
most  unfortunately  during  the  dry  time  that  succeeded  the  moment 
of  sowing  (early  in  June)  that  the  young  plants  were  devastated  by 
the  turnip-fly  to  such  an  extent  and  so  irregularly  that  the  results 
obtained  have  comparatively  little  value.  The  harvesting  of  the 
beans  was  conducted  with  special  care  this  year,  with  the  view  of 
avoiding  a  certain  loss  of  leaves  that  occurred  in  1872.  The  leaf- 
producing  power  of  any  given  fertilizer  is  not  only  a  matter  of  scien- 
tific interest  in  so  far  as  it  may  serve  to  indicate  the  mode  of  action 
of  the  fertilizer ;  it  is  a  point  of  no  small  practical  importance  in  a 
region  devoted  to  the  growth  of  forage. 

The  weights  of  fertilizers  used  and  of  crops  obtained  will  appear 
from  the  following  tables  :  — 


BDLLETIH  OF  THE  BUS8ET   MSTITDTIOS. 


„ 

II     =11  Ills  32 

0.    1        -_rt      rt                                      — 

-1- 

024 
699 
696 
162 
309 
013 
774 
286 
621 

A 

.J. 

■"-'■■'•■'-' 

,,    ^    ^^ 

J 

=  gS  g  Eg  S  2S 

l| 

SSS  S  SS  S  SS 

S 

SgS3  g  Sg  £  §S 

M 

t 

i 

sis  E  g=  S  3S 

° —  =■  —  -  — 

winb* 

-„.  ...... 

.  . 

■  'S  ■     ■ 

.  ■  -g  • 

£ 

iV- 

■■I- 

1 

1 

i: 

liiil 

?,iSt.;i 

? 

sai.^|S3--ga3 

SgStlfS|  =  Sil 

."'---'=-=_"" 

107,00 
68.75 
95.60 
41.75 
63,00 
81,60 
5l,2S 
83.00 
86.25 

85.26         21.76 
67.26         11.60 
68,76    ■     26.76 
88.60    '       8.2S 
46,00    '     18,00 
68,60    ;     1S,00 
36.25    '     16.00 
60,60    1      22.60 
63.76    1      21.50 

» 

12.802 

11.025 

18.153    , 

11,280 

10,470 

10,017    i 

10.321  1 
9.092  ' 
9.090    1 

7.440 
6.811 
7.886 
6.628 
6.87T 
6,816 
6,544 

e 

4.962 
4.714 
6,267 
4,752 
4,098 
4.202 
8.777 
8.871 
3,603 

5 

4,260 
8,750 
G,000   ' 
8,600    . 

6.000 
8.600 

slooo 

5 
1 

1 

8.818 
2.865 
4.185 

2,780 
2.506 
4.9IS 
2.76G 
2,847 
4.899 

0.937 

0,785 
0,866 
0,770 
0.744 
1.082. 
0.74E 
0.663 
1,101 

«  N  «  ■■  "O  »  (- QD  » 

8  cubic  feet  of  Dabuey 
page  185.) 

It 


BULLETIN  OF  THE  BUSSET  INSTITUTION.  185 

The  peat,  or,  more  properiy  speaking,  mud,  put  upon  Section  AA 
in  1873,  came  from  a  pond-hole  in  Dabnej  Woods,  on  Forest  Hills 
Street,  Jamaica  Plain.  The  pool  in  question  is  at  the  bottc»n  of  a 
little  valley  or  glen,  and  is  so  situated  that  it  receives  the  wash  of 
several  wooded  hillsides,  besides  many  leaves  of  hard-wood  trees. 
The  pond  was  cleared  out  some  six  years  ago,  and  the  mud  thrown 
up  into  several  large  heaps  in  a  moist  place.  From  one  of  these 
heaps  that  had  been  left  undisturbed  until  now,  and  upon  which 
sedges  and  various  rank  weeds  had  formed  a  covering,  the  material 
applied  to  Section  AA  was  taken.  A  sample  of  this  pond-mud  par- 
tially air-dried  was  found  to  contain 

Moisture  expelled  at  212^ 87.97% 

Volatile  matter,  beside  moisture 85.01 

Ash 87.02 

100.00 

The  nitrogen  in  the  peat  amounted  to  0.71  per  cent ;  but  no  am- 
monia waQ  expelled  on  boiling  with  milk  of  lime.  The  ash  contained, 
among  other  things,  — 

Phosphoric  add 0.518% 

Potash 0.164 

Sand  insoluble  in  acid    .        .' 98.150 

An  airwlried  sample  of  the  peat  from  Bussey  Farm,  such  as  was  ap- 
plied to  Section  A  A  in  1871  and  1872,  c<Hitained 

Moisture  expelled  at  212'' 15.24% 

Volatile  matter  beside  moistmre 77.78 

Ash *.        .        .  6.98 

100.00 

There  was  nitrogen  to  the  amount  of  1.20  per  cent ;  but  no  am- 
monia was  obtained  on  boiling  the  peat  with  milk  of  lime.  The  ash 
contained 

Phosphoric  acid .        .  0.625% 

Potash 0.188 

8and  iasohible  m  acid 84.970 

There  were  many  shells  of  diatoms  both  in  the  peat  and  in  the 
pond-mud,  though  more  in  the  latter  than  in  the  former. 
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In  connection  witii  these  analyses  of  peats,  a  sample  of  the  soil  of 
the  Plain-field  was  examined.  It  was  collected  in  1871,  before  the 
experiments  were  begun,  fi*<Hn  different  parts  of  Section  CC.  The  air- 
dried  soil  was  foond  to  contain 

Moisture  expelled  at  212^ 8.27% 

Volatile  matter  other  than  moisture 3.64 

Ash 88.09 

100.00 
The  soil  contained,  among  other  things,  — 

Sand,  etc.,  insoluble  in  acid 82.98% 

Lime 0.25 

Phosphoric  acid 0.25 

Potash 0.043 

Nitrogen 0.22 

It  will  be  seen  from  the  table  that  the  beneficial  action  of  oyster-shell 
lime  and  ground  oyster-shells  is  constant  and  general.  Each  of  the 
three  kinds  of  crops  profited  by  them,  but  particularly  the  beans  and 
the  ruta-bagas.  Even  oyster-shell  lime  firom  the  gas-works  (spent  gas- 
lime)  helped  the  beans  and  the  ruta-bagas,  though  oyster-shell  lime  that 
had  been  mixed  with  common  salt  did  not.  The  quicklimes  increased 
the  barley  crops  as  a  general  rule,  manifestly  by  setting  free  some 
assimilable  nitrogen  compoimd  from  the  humus  in  the  soil.  It  is  note- 
worthy in  this  connection  that,  even  as  regards  leaves,  the  oyster-shell 
lime  has  usually  given  better  crops  than  the  ground  oyster-shells,  al- 
though the  latter  contained,  of  course,  a  quantity  of  animal  matter 
proper  to  the  shell  which  must  necessarily  be  destroyed  when  the  shells 
are  burnt  in  a  kiln.  It  would  be  interesting  to  try  what  influence  upon 
vegetation  would  be  produced  by  a  mixture  of  the  two.  The  good  effect 
produced  by  the  oyster-shell  products  upon  the  bean  crops  is  mani- 
festly due  to  the  presence  of  some  special  fertilizing  substance  in  the 
shells,*  for  the  other  kinds  of  lime  did  the  beans  but  little  good,  ex- 
cepting only  the  Brandon  lime  on  A,  and  the  soap-boiler's  waste, 
which  is  carbonate  of  lime  holding  traces  of  a  sodium  salt  in  its  pores. 
The  soap-boiler's  waste  was  useless  on  the  barley  squares,  though  it 

*  Compare  various  analyses  of  comminuted  sea-shells  by  Pierre,  Annales  chtmie 
t  ithysique,  [3]  37,  81. 
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helped  the  ruta-bagas  at  times.  Unlike  the  barley,  the  bean  crops 
did  not  profit  by  nitrogen  compounds  generated  in  the  soil  by  the 
action  of  the  limes,  except  perhaps  in  a  few  instances.  This  fact 
accords  perfectly  with  what  is  known  of  the  action  of  nitrogenous 
manures  upon  l^^minous  crops.  The  ruta-bagas  also,  so  far  as  the 
irregularity  of  the  crops  permits  the  inference,  rarely  profited  from 
the  application  of  quicklime  other  than  that  from  oyster-shells. 
Oy}>sum  occasionally  seemed  to  help  the  ruta-bagas  a  little,  and  some- 
times the  barley  also,  but  upon  the  comparatively  fertile  soil  of  Sec- 
tions A  and  AA  it  did  the  beans  no  good ;  and  the  same  thing  may 
probably  be  said  of  that  contained  in  the  superphosphates  applied  to 
Sections  C  and  CO. 

The  results  of  the  experiments  on  the  comparatiTely  fertile  land  of 
Sections  A  and  AA  clearly  strengthen  the  argument  developed  on 
page  129,  in  discussing  the  results  obtained  on  Section  E£  by  the  use 
of  mixed  fertilizers.  Under  the  conditions  that  obtained  in  1873,  the 
land  of  Sections  A  and  AA  was  able,  of  itself,  to  supply  food  enough 
for  the  support  of  a  considerable  bean  crop,  as  it  had  been  in  the  pre- 
tIous  years,  ^d  crops  of  barley  and  ruta-bagas  that  were  almost  as 
good  as  those  obtained  by  the  use  of  mixed  fertiUzers.  How  little  of 
this  effect  was  produced  by  the  limes  may  be  seen  by  referring  to 
squares  x,  y,  and  z  similarly  manured  on  land  contiguous  to  that  upon 
which  the  mixed  fertilizers  were  applied. 

The  same  line  of  reasoning  is  illustrated  by  a  set  of  experiments 
made  in  1873  at  West  Peabody,  Mass.,  by  Mr.  Henry  Saltonstall, 
Treasurer  of  the  Massachusetts  Society  for  Promoting  Agriculture, 
as  will  be  seen  firom  the  following  table  of  results  which  Mr.  Saltonstall 
has  been  kind  enough  to  send  me. 

EXFEBDONTS  OF  Mb.   HsNBT  SaLTOKSTALL. 

The  field  devoted  to  these  experiments  was  part  of  an  old  worn-out 
pasture  that  had  not  been  cultivated  in  any  way  for  a  very  long 
period.  It  had  not  been  ploughed  for  fifty  years  at  the  least  when 
the  sod  was  turned  under  in  November,  1871.  The  soil  consists  of  a 
bed  of  light  loam  about  six  inches  deep  mixed  with  stones,  resting  upon 
a  gravelly  subsoil,  and  not  much  better  situated  with  regard  to  its  dis- 
tance fh»n  the  ground-water  than  that  upon  the  Plain-field  of  the 

TOt-I.  18 


1S8 


BrnxBim  &f  TBI  Msfiir  mBrmmoir. 


Busey  Inttitution  {9ee  p.  80).  The  MA  mm  left  fblloir  durmg  1872, 
and  in  the  epring  of  ISJS  it  was  cross-ploiighedi  harrowed,  and  divided 
into  Unrteen  etripe  or  plota,  eaeh  meastuing  16W  X  104  feet,  and 
oonaequently  containing  aboot  /^  of  an  acre.  Early  Rose  potatoes 
were  planted  in  drills  npon  each  of  these  strips.  May  19.  lliere  were 
fire  driUs  in  each  plot.  The  seed-potatoes  were  out  so  that  there  was 
a  single  eye  npon  each  piece,  and  care  was  taken  that  eadi  of  the 
drills  should  receive  the  same  number  of  pieces.  With  tiie  exception 
of  ^e  mannres,  the  plots  were  all  tilled  and  treated  alike.  The  kinds 
and  amounts  of  fertilizers  used  and  the  yield  of  potatoes  from 
plot  are  given  in  the  table  ki  terms  of  pounds. 


Hoc 
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Wd^ti  of  artlUMB  oMd. 


8 

4 


6 

7 

6 

9 

10 

11 

12 

18 
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coal  ashes  * 

;  4  lbs.  nniriate  of  potash  plus  4  lbs.  nitrate  of  soda,  with  . 
hard-coal  ashes  * i 

No  manure 

4  lbs.  of  tiie  muriate  of  potash 


( 4  lbs.  of  the  muriate  of  potash  plus  4  lbs.  of  nitrate  of  1 
I     soda J 


4  lbs.  of  the  muriate  of  potash  plus  4  lbs.  of  nitrsfee  of } 
soda  plus  6  lbs.  true  supeiphosphate  of  lime  from  i 
Mr.  Lawes ) 

6  lbs.  of  the  Lawes  superphosphate 

6  lbs.  of  the  Lawes  superphosphate  plus  4  lbs.  of  the  ) 
muriate  of  potash ) 

4  lbs.  nitrate  of  soda  

11  lbs.  nitrate  of  soda  plus  12  lbs.  of  the  Lawes  super- ) 
phos^iate  f ) 

4  lbs.  nitrate  of  soda  plus  6  lbs.  of  the  Lawes  super- 
phosphate       

Stable  manure  {  spread  broadcast  at  the  rate  of  10  cords 
peracre 

(Stable  manure  (at  same  rate  as  above)  plus  plaster  of 
pans,  both  hi  the  drills 
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The  heayiest  crops  were  the  best  in  every  sense,  since  they  con- 
tamed  the  lat^gest  and  finest  potatoes.  The  small  crops  were  small 
potatoes.  It  is  noteworthy  that  the  field  sloped  slightly,  in  such 
wise  that  plots  1  to  5  were  a  little  lower  than  the  rest;  though 
before  the  potatoes  were  du^  the  lower  land  had  been  thought  to 
be  poorer  than  that  of  the  other  parts  of  the  experimental  field. 
The  slope  was  insufficient  to  divert  rain-water  ftom  the  other  plots ; 
and,  as  it  hi^pened,  voy  little  rain  fdl  during  the  course  of  the 
experiments.  For  that  matter,  the  drought  of  1873  is  said  to  have 
been  rather  worse  at  West  Peabody  than  at  the  Bussey  Farm.  It 
would  seem  to  be  plain  that  in  this  case  also^  as  well  as  in  the  exper- 
iments of  Sections  A  and  AA,  the  unmanured  strip  of  land  (No.  3) 
si^plied  to  the  potato  crop  all  the  food  it  could  make  use  of  under 
the  conditions  of  this  exceptionally  dry  summer.  Since  none  of  the 
manures  applied  to  the  other  strips  could  do  more  than  this,  the 
various  mixtures  were  necessarily  useless  as  regards  this  particular 
crop.  If  the  land  in  question  could  only  have  been  moistened,  the 
crop  of  1873  would  have  been  able  to  partake  not  only  of  the  natural 
supplies  of  food,  and  that  more  readify  than  was  possible  under  the 
adverse  circumstances  that  actually  obtained,  but  it  would  have  used 
the  added  fertilizers  also. 

NoTB.  —  It  win  be  remarked  that  in  sereral  instances,  notably  in  the  trials 
Bombered  8,  9, 10, 11,  the  more  soluble  saline  fertilizers,  although  applied  in  Tery 
voderate  doses,  seem  to  have  done  disdnot  harm  to  the  crops.  I  am  inclined  to 
beBere  that  this  hnrtftil  inflaenoe  depends  upon  the  fkot  notioed  by  Lawes  {"  Experi- 
BMnlal  Inrestigation  into  the  Amonnt  of  Water  giren  off  by  Plants  dnring  their 
Growth,"  London,  1850,  p.  10),  and  by  Sachs  {Die  lamhoirtlutJuiftUdieu  Venuchs- 
Siationm,  1859, 1,  .208),  who  find  diat  the  absorption  of  water  by  the  roots  of  plants 
and  the  exhalation  of  water  by  their  leaves  is  interfered  with  and  retarded  by  the 
presence  of  saline  matters  in  the  soil  which  surrounds  the  roots  of  the  plants.  It 
is,  ot  course,  readily  concdrable  that  the  retardation  of  llie  tnmspiration  of  water 
BUiy  be  beneficial  to  the  plant  under  certain  conditions,  as.  Sachs  has  urged.  But, 
vpon  the  other  hand,  it  is  to  be  remembered  that  the  free  movement  of  water 
into  and  fi!om  the  plant  is  a  process  wellnigh  essential  to  vegetable  growth,  and 
that  the  presence  in  the  soil  of  matters  that  tend  to  check  or  hinder  it  may  be 
highly  pr^ndidal  to  the  prosperity  of  any  crop  that  is  nor  amply  supplied  with 
water.  In  the  experiments  of  Mr.  Saltonstall,  where  the  plants  weie  exposed  to 
hot,  dry  atr  at  a  time  of  severe  drought,  when  the  soU  could  supply  only  a  small 
fraetkm  of  the  m^sture  that  was  needed  fi>r  their  healthy  growth,  there  is  good 
veason  to  believe  tliat  Q^e  saUoe  manures  did  harm  byiuAedering  with  the  natural 
mowneot  of  water  in  the  plants. 
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As  was  the  case  in  the  previous  years,  the  barley  crops  of  Sections 
B  and  BB  profited  by  the  application  of  farm-manure,  of  wood-ashes, 
and  sulphate  of  potash.  Pearlash  seemed  to  do  better  this  year  upon 
the  barley,  and  the  long  horse-manure  worse  than  before,  as  compared 
with  the  other  fertilisers ;  though  the  crops  are  all  so  light  that  the 
results  must  be  viewed  with  caution.  During  the  dry  weather  the 
barley  jdants  were  subjected  to  conditions  so  unfavorable  to  their 
growth,  that  even  the  best  manured  squares  yielded  miserable  crc^[>s. 
It  seems  plain,  however,  that  potash  was  a  useful  addition  to  the 
land,  even  for  the  growth  ci  the  grain  crop,  and  that  beside  the 
potash  there  was  needed  for  the  grain  a  supply  of  nitrogen.  Com- 
paratively good  results  were  obtained  both  with  the  farm  manure, 
rich  in  nitrogen,  and  with  the  sulphate  and  the  carbonate  of  potash 
(both  that  in  the  wood-ashes  and  in  the  pearlash) ;  but  both  these 
potash  salts  do  manifestly  supply  some  nitrogen  to  plants  by  acting 
upon  that  contained  in  the  humus  of  the  soil. 

When  compared  with  the  results  obtained  from  the  other  kinds  of 
crops,  the  experiments  with  barley  illustrate  the  well-known  fact  that 
the  grain  crops  usually  profit  more  by  the  application  of  assimilable 
nitrogen  compounds  than  either  the  bean  crop  or  the  ruta>baga  crop. 
The  delicate,  short-lived  grains  seem  to  have  less  power  than  either  of 
the  other  crops  to  subsist  upon  the  coarse,  nitrogenous  food  that  is 
obtainable  from  the  soil. 

The  beans  did  well  with  all  the  potassic  manures,  namely,  the  long 
horse-manure,  the  wood-ashes,  and  the  carbonate  and  sulphate  of 
potash.  In  the  absence  of  potash,  nitrogenous  manures  did  the 
beans  no  good.  So  far  as  the  soil  of  this  experimental  field  is  con- 
cerned, at  least  under  the  present  conditions,  both  sulphate  and 
carbonate  of  potash  have  proved  to  be  useful  manures.  Under 
the  influence  of  these  substances,  the  bean  plants  have  been  able  to 
supply  themselves  from  the  soil  with  both  phosphoric  acid  and  nitro- 
gen. The  nitrogenous  manures,  such  as  sulphate  of  ammonia  and 
fi^-scrap,  yielded  still  less  in  1873  than  before,  now  that  several 
successive  crops  of  beans  had  been  taken  from  the  land ;  and  it  is 
noteworthy  that  the  strawy  horse-manure  gave  better  results  than 
the  cow-manure.  The  crops  obtained  by  the  use  of  the  two  kinds  of 
dungs  doubtless  stand  to  one  another  very  much  in  the  same  pro- 
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portion  fts  the  unounts  of  potash  that  are  contained  in  them.  It 
will  be  noted  that  the  difficultly  soluble  potash  of  the  New  Jersay 
green  sand  did  little  good.  Like  the  experiments  made  in  glaas  jan, 
reported  on  page  65  of  this  Bulletin,  the  results  of  the  field  experi- 
ments enforce  the  leeson  that  moisture  must  be  present  in  order  that 
the  green  sand  shall  produce  its  proper  effect. 

Upon  the  ruta-bagas  also  the  action  of  the  potassic  fertilizers,  evoi 
those  that  contained  neither  phosphoric  acid  nor  nitrogen,  was,  com- 
paratively speaking,  excellent ;  but  as  in  the  previous  years,  it  is  the 
bean  crops  that  have  furnished  the  most  trustworthy  and  the  most 
interesting  results.  In  accordance  with  the  proverbial  ability  of  this 
crop  to  prosper  upon  poor  land,  the  beaqs  suffered  much  liss  than 
either  of  the  other  crops  fix>m  the  hardships  to  which  they  were 
exposed.  The  results  obtained  with  them  are  consequently  tolerably 
uniform,  and  in  general  easily  comprehensible.  Several  condusions 
are,  moreover,  plainly  indicated  by  the  record  of  these  results ;  but 
that  even  the  hardy  bean  crop  was  most  decidedly  checked  and 
hampered  by  the  drought,  and  that  it  felt  severely  the  limitatioss 
imposed  by  the  adverse  circumstances  to  which  it  was  exposed,  is 
clearly  shown  by  the  comparatively  small  differences  between  the 
crops  harvested  from  square  BB  4,  where  three  bushels,  equal  to 
about  65  kilogrammes  of  wood-ashes,  gave  6.610  kilogrammes  of 
beans,  and  from  B  4,  where  4.095  kilogrammes  of  wood-ashes  gave 
4.734  kilogranmies  of  beans.  In  like  manner,  BB6,  treated  with 
1.336  kilogrammes  of  pearlash,  gave  4.561  kilogrammes  of  beans; 
and  B  6,  that  got  only  307  grammes  of  the  pearlash,  gave  4.021  kilo- 
grammes of  beans.  BB  7,  to  which  2.267  kilogrammes  of  sulphate  of 
potash  were  applied,  gave  only  4.322  kilogrammes  of  beans,  against 
4.612  kilogrammes  obtained  from  B  7,  that  received  only  307 
grammes  of  the  sulphate.  In  view  of  all  this,  a^d  of  the  &ct  that 
the  results  just  cited  are  as  good  or  better  than  those  obtained  firom 
adjacent  squares  heavily  dressed  with  farm-manure,  it  is  evident,  as 
has  been  said  already,  that  something  besides  the  mere  fertilizers  was 
needed  in  order  that  the  beans  might  really  flourish  upon  the  soil  oi 
this  particular  field. 
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haye  indicated  the  lack  of  potash.  I  am  at  present  unable  to  say 
whether  the  generality  of  the  drift  soils  of  New  England  are  equally 
well  provided  for  in  respect  to  phosphoric  acid.  Of  course,  the  remark 
made  aboye  applies  in  its  full  force  only  to  the  soil  of  this  particular 
experimental  field.  As  will  be  shown  directly,  phosphoric  acid  seems 
to  be  less  needed,  on  the  whole,  by  New  England  soils,  than  potash ; 
but  there  are  undoubtedly  some  soils  in  the  country  in  which  phos- 
phoric acid  is  lacking;  and  it  is  uncertain  whether  there  may  not  be 
many  soils  that  contain  very  much  less  of  it  in  proportion  to  the 
potash  than  has  been  found  to  be  the  case  here. 

An  interesting  illustration  of  the  necessity  of  restricting  the  ooncla- 
sions  drawn  from  field  experiments  to  soils  similar  to  that  upon  which 
the  experiments  were  made,  and  to  like  conditions,  was  afforded  by 
the  &ct  that  in  an  old  garden  at  the  base  of  the  ridge  upon  which  the 
Plain-field  is  situated,  and  distant  some  thirty  rods  from  Section  C, 
the  yield  of  beans,  peas,  and  potatoes  was  decidedly  increased  in  1872 
by  the  application  of  one  of  the  mixtures  of  soluble  and  insoluble 
phosphate  of  lime  and  fish-scrap,  similar  to  those  used  in  my  experi- 
ment, which  are  sold  in  the  Boston  market  for  superphosphate  of 
lime.  The  soil  of  this  garden  is  a  deep  loam  that  has  long  been  under 
cultiyation,  and  is  veiy  frtyorably  situated  with  regard  to  the  ground- 
water. 

In  the  following  tables  the  amounts  of  each  crop  obtained  by  the 
use  of  the  several  fertilizers  are  given,  in  the  order  of  excellence^  at 
in  the  previous  reports :  — 
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Table$  nhowing  the  Bat  and  the  Worst  Crops  obtained  in  1878 

from  each  SeotiLon.  of  the  Field. 

SwnoH  A«— Barley.— 1878.  Biciidh  A«— Beaut.— 1878. 


8 
9 
8 
6 
7 
2 
6 
1 
4 


Weights 

of  Iwrtaj 

gniu. 


TSBlT 
1.820 
1.115 
1.110 
1.092 
1.062 
1.022 
0.814 
0.785 


9 
8 
2 
6 
5 
8 
4 
7 
1 


Wcighti 

of  bvlej 

•tnw. 


5.980 
5.641 
4.488 
4.890 
4.228 
4.185 
8.4G5 
8.408 
8.186 


9 
8 

SI 
I! 

7 
4 
1 


Wdghli 
oftoul 

crop*. 


7.260 
7.000 

5.500 

5.250 

4.500 
4.250 
4.000 


1^ 


2 
8 
1 
9 
4 
6 
5 
7 
8 


Weight! 

of  b«9UI 


5.884 
5.258 
5.116 
4.887 
8.902 
8.827 
8.574 
8.487 
8.184 


2 
8 
4 

9 
1 
6 
7 
5 
8 


Weights 
of  heaa 

BtlftW. 


7.G99 
7.G96 
7.162 
6521 
6.024 
6.018 
5.774 
5.809 
4.286 


2 
8 
9 
1 
4 
6 
7 
5 
8 


Welghti 

of  total 

beiin 

crops. 


18.088 

12.949 

11.858 

11.140 

11.064 

9.840 

9.211 

8.888 

7.420 


Sionov  A.— Buta-Basas.— 1878. 


Bnnoir  AA.  —  Buta-Bacas. — 1878. 


^8  nit»-bii» 
sZ     roots 


8 

S 
5 
8 
1 
€ 
4 
7 
9 


124.00 

115.75 

106.50 

101.50 

100.75 

90.25 

87.25 

88.50 

78.75 


8 
2 
1 
8 
9 
6 
7 
4 
5 


84.00 
82.00 
27.75 
24.25 
28.50 
22.75 
22  JM) 
22.25 
18.75 


8 
2 
1 
8 
5 
6 
4 
7 
9 


Weights 

oftotel 

rat»-boga 

crops. 


158.00 
147.75 
128.50 
125.75 
120.25 
118.00 
109.50 
106.00 
102.25 


1 
8 
6 
9 
8 
3 
5 
4 
7 


W4|hts 


roots. 


85.25 
6875 
68.50 
68.75 
60.50 
57.25 
46.00 
88.50 
86.25 


o  3 


8 
8 

1 

9 
5 
7 
6 
2 
4 


Weights 

of 

rata-baga 

tops. 


26.75 
22.50 
21.75 
21.50 
16.00 
15.00 
18.00 
11.50 
8.25 


Btonoir 

▲A, 

— Barlaj 

r.— 1878L 

Ssonoor  AA.- 

-Beans. 

—1878. 

0 
6 

Wel^ts 

oTbtflsj 

gnlu* 

^1 

Weights 

ofbarlo/ 

straw. 

if 

Weights 
(•f  total 
barley 
crops. 

8 

1 

Welghts 

ofbeao 

leads. 

8 

1 

Weights 

of  bean 

strav. 

• 

8 

1 

Weights 

of  total 

bean 

crops. 

l.lOl 
1.082 

6 
9 

4.918 
4.899 

ti 

6.000 

5.267 
4.952 

7.886 
7.440 

18.158 
12.892 

1 

0.987 

8 

4.185 

8 

5.000 

4 

4.752 

8 

6.621 

4 

11.280 

8 

0.865 

1 

8.818 

1 

4.250 

2 

4.714 

7 

6.544 

2 

11.025 

3 

0.785 

2 

2.865 

2 

8.750 

6 

4.202 

4 

6.528 

5 

10.470 

4 
7 

0.770 
0.745 

7 
4 

2.755 
2.780 

7> 

8.500 

5 
7 

4.098 
8.777 

5 

2 

6.377 
6.811 

7 
6 

10.821 
10.017 

5 

0.744 

5 

2.506 

5 

8.250 

9 

8.506 

6 

5.815 

8 

9.992 

8 

0.658 

8 

2.847 

>  8 

8.000 

8 

8.871 

9 

5.584 

0 

9.090 

▼OL.I. 
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Bbcboh  B.— Barley.— 1978w 


Sioiiov  B*— Beans.— 187S. 


6 
9 
I 
8 
2 
4 
5 
7 
8 


Weightt 

ofbtfl^r 

fnia. 


0^76 
0.809 
0.285 
0.280 
0.265 
0.259 
0.227 
0.202 
0.070 


I 
6 
2 
5 
4 
8 
9 
7 
8 


Wclgbti 

ofbftrtey 

•tntw. 


2.965 
2.425 
1.985 
1.528 
1.491 
1.470 
1.441 
1.048 
0.680 


of  total 
oxopi. 


8.250 
8.000 
2.250 

1.750 

1.250 
0.760 


2 
4 

1 
7 
6 
8 
9 
8 
5 


Tf eights 
of  Man 


6.112 
4.784 
4.640 
4.612 
4.021 
2.508 
2.429 
0.488 
0.849 


2 
1 
4 
8 
9 
6 
7 
5 
8 


Weightt 
of  beaa 
MtnM. 


9.268 
7  580 
7.519 
7.158 
6.688 
5.615 
8.999 
8.060 
1.704 


2 
4 
1 
8 
6 
9 
7 
5 
8 


Wdgbti 
ortotd 

beta 
cvopt. 


15.875 
12.253 
12.020 
9.656 
9.686 
9.112 
8.611 
8.409 
2.187 


Sionoir  B.— Bwta-Basaa.— 1878. 


Sionoii  BB. — Bnta-Bagas. — 1878. 


2 
1 
6 

7 
4 
9 
8 
8 
5 


4 

1 
6 
7 
2 
9 
8 
5 
8 


Wdglitt 

of 

Tiitarbaga 

roots. 


111.75 
78.00 
67.50 
59.25 
47jOO 
85.25 
22jOO 
11.50 
7.25 


I. 


2 
1 
6 
7 
9 
4 
8 
8 
5 


Wolgfati 

of 

mta-baga 

tops. 


80.00 
21.50 
19.00 
17.75 
15.00 
18.75 
11.75 
9.50 
5.50 


2 
1 
6 
7 
4 
9 
8 
8 
5 


Welfhti 
of  total 

nita4Niga 
oropt. 


141.75 
94.50 
86.50 
77.00 
60.75 
50.25 
88.75 
21.00 
12.75 


85* 


4 

1 
2 
7 
6 
9 
5 
8 
8 


Welghti 

of 

mta-baga 

roota. 


187.25 

181.75 

109.00 

60.00 

52.50 

18.50 

18.25 

8.25 

8.75 


4 
1 
2 
9 
7 
6 
8 
5 
8 


W«lgliti 

of 

rata4>aga 

topa. 


84.25 
82.75 
22.25 
18.00 
15.25 
18.75 
10.50 
8.25 
8.75 


4 

1 
2 
7 
6 
9 
5 
8 
8 


Wflighti 

of  total 

mta4Mi^ 

cxopi. 


Bborov  BB«— Barley.— 1878. 


Sicnoii  BB.— 


—  1878. 


in.60 

164.50 

181.25 

75.25 

66.25 

86.50 

21JM 

18.76 

7.60 

Wefghta 

of  barlflj 

gcaia. 


0.770 
0.672 
0.590 
0.496 
0.461 
0.402 
0.270 
0.202 
0.162 


1 
4 
2 
6 
7 
8 
9 
5 
8 


Welfhti 

of  barley 

•tiaw. 


8JS78 
2.980 
2.539 
2.410 
2.254 
1.780 
li^98 
1.048 
0J88 


1 

4 


5 

8 


Weights 
of  total 
barley 
cropa. 


4.250 
8.750 

8.000 

2.750 

2.000 

1.250 
1.000 


4 
2 
6 
7 
1 
9 
8 
8 
5 


Weights 
of  bean 


6.610 
5.686 
4.561 
4.822 
4.069 
2  685 
2.686 
0.862 
0.881 


4 
2 
1 

7 
6 
8 
9 
5 
8 


Weights 
of  Mao 


9.976 
7.796 
7.472 
6.448 
5.928 
5.001 
4.746 
1.967 
0.790 


4 
2 
1 
7 
6 
8 
9 
5 
8 


Weights 

of  total 

bean 

crops. 


16.587 

18.482 

11.541 

10.770 

10.489 

7.687 

7.481 

2.798 

1.662 
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Bionoir  C— Bartoy.— 1878. 


flionoR  C«— B«aas«— 1878. 


^i 

^ 

t 


8 


Weights 
gndn. 


0.150 
0.028 

omo 

0.006 


2 
8 


Weiffbti 

of  barley 

stsaw. 


6.760 
0.192 
0.120 
0.064 


I 


2 
8 


Wdgfata 
of  total 
bariejr 
oropf. 


0.910 
0.215 
0.180 
0.070 


28  wdghti's 


o  II  of 
ij  g<    aeedf 


8 


0.252 
0.238 


0.094 


WelgbtB 

of  bean 

ftxaw. 


1.652 
1.098 


8 


Wdgfate 

of  total 

bean 

crope. 


1.904 


1.187 


SionoH  0 

•  ~  Bnte-Bssas.  — 

1878. 

Sionon  CC«  - 

— Bute-Bssas.  — 

• 

1878. 

5 

Wtlghte 

of 

rata-baga 

roots. 

8 

Weight! 

rata4Miga 
tope. 

8 

Weights 

of  total 

rata-baga 

crops. 

8 

Wdjditi 

rata>baga 
roots. 

2 

Weights 

of 

rata-baga 

tops. 

8 

Weights 

of  total 

rota-baga 

crops. 

18.00 

11.00 

22.50 

17.00 

11.50 

26.50 

8 

11.50 

5 

9.25 

5 

22.25 

5 

12.75 

7 

10.25 

2 

22.50 

2 

9.00 

2 

8.25 

2 

17.25 

'\ 

11.00 

8 

9.50 

5 

20.00 

4 

1.50 

4 

2.00 

4 

8.50 

4S 

4 

8.75 

4 

19.75 

7 

9.00 

9 

7.75 

7 

19.25 

9 

7.25 

5 

7.25 

9 

15.00 

8 

1.25 

8 

8.00 

8 

4.25 

Sionosr  CC.  —  Barley* — 1878. 


SionoN  CC»  — B«aas«~1878. 


4 
9 
8 
2 


Weights 
ofbarlqr 


0.820 
0.155 
0.101 
0.091 
0.085 
0.052 
0045 


2  i|  Weights 
^1  ofbarl^ 


4 
2 
9 
8 


1.450 
0.695 
0.645 
0.599 
0.468 


8      0.484 
0i70 


4 

2 
9 
8 
8 


Weights 

of  total 

barley 

crops. 


1.770 
0.850 
0.780 
0.700 
0i>25 
Oi>15 
0815 


^8 

1^ 


8 
2 
9 
8 


Weights 
of  bean 


1768 
0.984 
0.459 
0.287 
0.165 
0.187 
Oj080 


8 
2 
8 
9 


Weights 
of  bean 


4.207 
2.801 
2.807 
2.198 
1.622 
1.421 
0JS02 


i 

i 


8 
2 
8 
9 


Weights 
of  total 


crops. 


5.975 
8.785 
2.766 
2.868 
1.909 
IM6 
0.882 
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D« — Barley* — 287& 


xnonbflTS 

dftbe 

•qnares. 

gniA  liMVMitcL 

Nnmbcn 

of  tb» 

squartt. 

Weights  of  tertey 
■tmw  HMl  ehair. 

Nutnuflu 

OfttM 

squaret. 

W^dpltB  of  totii 
bmqr  erope. 

8 
6 

4 
2 
8 
5 

7 
9 

1 

0.125 
0.075 
0.065 
0.035 
0.027 
0028 
0.020 
0.011 
0.007 

8 
4 
6 
2 
7 
5 
8 
9 
1 

0.760 
0.595 
0.576 
0.275 
0.286 
0.177 
0.178 
0.104 
0.078 

8 
4 
6 
2 
•     7 

Si 

9 

1 

0.885 
0.660 
0.650 
0.810 
0.255 

0.200 

0.115 
0.080 

ftuno*  D*— Benii«'-1878. 


Vsinbtis 

of  the 

•qoant. 

WdgMiofbwa 
■Mdt  harraitid. 

NnmbtcB 

ofth* 

squaree. 

1 

Wftabteof 

bean  staikf ,  lea;TM, 

•adhiuki. 

NuDbaxi 

of  the 

■qoarM. 

Weii^aftotil 
boanonpa. 

4 

8.911 

4 

6.077 

4 

9.988 

7 

8.559 

7 

5.767 

7 

9.826 

8 

0  862 

8 

8.198 

8 

8.892 

6 

0.850 

2 

1.988 

2 

2.850 

1 

0.288 

6 

1.647 

6 

1.997 

8 

0.199 

1 

1.640 

1 

1.922 

8 

0.178 

9 

1.281 

8 

1.427 

9 

0.184 

8 

1.249 

9 

1.415 

5 

0.H9 

5 

1.188 

5 

1.257 

80noK  !>•  — 

B«f  »-Bssaa.  -^  1878. 

Numbcn 

afthm 

Wtighti  of  ntta-haga 

Numbers 

Welglitsof 

Nninban 

Weights  or  tOfW 

tqautn. 

lootfl  barrattad. 

s^naras. 

nrta-baga  tops. 

squares. 

nita>baga  erops. 

7 

16.00 

6 

8.25 

7 

22.76 

9 

7.60 

9 

7.75 

9 

15.25 

6 

6.75 

7 

6.75 

6 

15.00 

4 

5.75 

8 

6.25 

8 

9.75 

6 

4.60 

$ 

2.78 

4 

8.00 

8 

8.50 

8 

2.50 

8 

7.00 

9 

8.25 

4 

2.29 

9 

6.09 

2 

1.00 

1 

0.75 

2 

1.50 

1 

0.28 

2 

0.50 

1 

• 

1.00 
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TaNe$  tihomng  the  Beit  and  Wont  Crops  (continued). 


Division  C 

Barl07.~1873. 


CC  (phosphadc  manares). 

Beans.  — 181^3. 


»c:S 


007 

004 

02 

009 

008 

002 

008 

006 

08 

06 

04 


^ 


1^ 


0.820 
0.166 
0.160 
0.101 
0.091 
0.066 
0.062 
0.046 
0.028 
0.010 
0.006 


^a 


007 

02 

004 

002 

009 

008 

008 

006 

08 

06 

04 


1.460 
0.760 
0.606 
0.646 
0.609 
0.468 
0.484 
0.270 
0.192 
0.120 
0.064 


i 


.1^ 


007 

02 

004 

002 

009 

008 

008 

006 

08 

06 

04 


1.770 
0.910 
0.860 
0.780 
0.700 
0.626 
0.616 
0  816 
0.216 
0.180 
0.070 


in 


^ 


^' 


0 
0 


007 
008 
02 
09 
04 
08 
008 
006 
06 
004 


1.768 
0984 
0.469 
0.287 
0.262 
0.288 
0.166 
0.187 
0.094 
0.080 


0 
0 
0 
0 

0 
0 


07 
08 
02 
08 
04 
09 
06 
06 
04 


*18 


i! 


4.207 
2.801 
2.807 
2.196 
1.662 
1.622 
1.421 
1.096 

ojxa 


1^4 


007 
008 
002 
08 
09 
04 
06 
06 
04 


0 
0 


% 

n 


^2 


6JT6 
8.786 
2.766 
2.868 

uoo 

1.904 
1.658 

1.187 
0.8IS 


Bnta-Basas.  — 1873. 


namberaof 
•qouw. 

Weighttof 
rooto. 

Names  and 
namberaof 

Weight!  of 
tope. 

NameiUftd 

nnmbenof 

•quarea. 

WeMitfof 
iotaTcropa. 

008 

06 
006 

08 
0091 
004 

02 
007j 
009 

04 
008 

17  00 
18.00 
12.76 
U.60 

11.00 

9.00 

7» 
1.60 
1.26 

002 

08 
007 
008 

06 
004 

02 
009 
006 
008 

04 

11.60 
11.00 
10.26 
9.60 
9.26 
8.76 
8.26 
7.76 
7.26 
8.00 
2.00 

008 

08) 
002) 

06 
006 
004 
007 

02 
009 
008 

04 

S8i0 

22^ 

22J6 
2000 
19.76 
19.26 
17.26 
16.00 
4.26 
8.60 

In  the  following  tables  the  results  obtained  with  the  single  fertil- 
izers during  each  of  the  three  years  1871,  1872,  and  1873  are  giTen 
in  such  form  that  the  action  of  any  one  fertilizer  of  a  given  claas  or 
division  may  be  seen  at  a  glance.  Taking  Sections  A  and  AA,  for 
example,  together,  the  comparative  merits  of  the  several  fertiHson 
employed  upon  the  eighteen  squares  devoted  to  each  of  the  three 
kinds  of  crops  are  stated  in  the  table  in  terms  of  eighteenLh$;  tht 
best  crop  of  all  being  called  No.  1,  and  the  worst  No.  18.  Whenever 
the  crops  from  two  or  more  of  the  squares  happened  to  weigh  the 
same  amount,  one  and  the  same  number,  of  course,  applies  to  each 
of  them.  In  that  event,  the  next-best  crops  have  received  higher 
numbers  than  they  in  strict  justice  deserved,  and  the  worst  crop  of 
all  has  been  called,  not  No.  18,  but  17,  16,  or,  it  may  be,  a  still  lower 
number.  So,  too,  in  the  case  of  the  duplicate  trials  of  farm  and 
stable  manure  on  Sections  B  and  BB,  only  the  best  of  the  two 
results  actually  obtained  has  been  taken  into  consideration  here.  On 
account  of  the  irregularities  thus  introduced,  several  of  the  com- 
pariaons  are  a  little  laas  satiafiix^toiry  than  they  wonld  otberwiis  have 
been.    The  worst  crop  is  marked  with  an  asterisk  in  evary  '^^^"^ 
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It  will  be  remembered  that  the  original  motive  (page  81)  of  tb« 
experiments  was  to  determine,  if  possible,  what  kinds  of  fertilizers 
among  those  readily  procorable  in  Boston  were  best  fitted  to  increase 
the  yield  of  crops  grown  upon  a  field  that  had  been  chosen  as  the 
typical  representative  of  the  light  and  hungry  soils  resting  upon 
drift  gravel  that  are  so  common  in  New  England.  This  question  has 
been  clearly  answered  by  the  results  that  have  been  tabulated  in 
the  present  report  and  in  the  reports  of  the  two  previous  years.  It 
is  plain  that  the  soil  of  the  experimental  field  needs  fertilizers  that 
are  rich  in  potash,  and  that,  under  the  existing  condition  of  things, 
no  advantage  can  be  gained  by  applying  mere  phosphatic  or  nitro- 
genous fertilizers  to  the  land.  The  soil  evidently  contains  a  much 
laiger  store  of  phosphatic  and  nitrogenous  substances  that  are  avail- 
able for  the  use  of  plants  than  it  does  of  potash  compoimds.  Hence 
very  little  useful  effect  has  been  gained  by  adding  phosphates  and 
nitrogen  compounds  to  the  potassic  manures.  If  only  potash  enough 
be  given  to  this  soil,  the  latter  can  of  itself  supply  all  the  other  in- 
gredients that  compose  the  food  of  plants,  at  least  for  the  term  of 
years  during  which  the  experiments  have  lasted,  and  for  as  many 
more,  of  course,  as  the  store  of  phosphates  and  nitrogen  tbaj  hold 
out  Consequently  until  such  time  as  the  natural  supply  of  these 
Babstanoes  shall  b^gin  to  fitil,  it  would  be  wise  to  apply  but  little  of 
them.  The  crying  want  of  the  land  is  for  potash,  and  it  is  the 
potassic  manures  that  should  be  applied  to  it,  to  the  weUnigh  com- 
plete exclusion  of  other  fertilizers,  until  an  equilibrium  has  been 
reached. 

This  conclusion  is  most  directly  and  clearly  enforced  by  the  ex- 
periments above  recprded,  in  so  &r  as  regards  the  soil  of  the  experi- 
mental field ;  and  from  analogy  it  would  naturally  be  inferred  that  the 
Hune  conclusion  would  apply  to  other  New  England  soils  similarly  com- 
posed and  situated.  But  in  order  to  establish  this  general  conclusion 
beyond  all  chance  of  doubt,  it  would  be  necessary  to  make  many 
other  experiments  in  different  localities,  were  there  not  already  a  mass 
of  confirmatory  evidence  bearing  upon  the  subject.  There  are,  hi 
&et,  already  available  a  number  of  observations,  usages,  and  tradi- 
tions that  go  fiur  to  prove  that  the  potassic  manures  are  specially 
needed  in  New  England.  It  has  long  been  believed,  for  example,  — 
for  a  century  probably,  and  perhaps  for  a  still  bnger  period^  —  by  the 
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fannerB  near  Boston,  that  night-ooQ  is  a  ''  forcing  "  manure  that  soon 
^*  exhausts  the  land  "  to  which  it  is  applied.  The  long  horse-manure, 
6n  the  contrary,  from  the  stables  of  that  city,  which  is  a  mixture  of 
dung  with  much  straw  that  has  served  for  bedding  the  jj-ninyilR,  has 
always  been  held  in  liigh  esteem  by  the  farmers  <^  the  locality,  in 
spite  of  the  fact  that  the  dung  almost  always  undergoes  fermentation 
before  it  is  removed  from  the  cellars  of  the  stables,  and  must,  oonse- 
quently,  have  lost  much  of  tbe  nitrogen  that  was  originally  contained 
in  it  For  this  ill-kept  horse-manure  the  farmers  are  glad  to  pay  the 
stable-keepers  a  considerable  price  in  the  first  instance,  and  they  are 
afterwards  at  the  expense  of  transporting  the  bulky  material  soiiie  miles 
into  the  country,  and  are  often  put  to  the  further  cost  of  rehand- 
ling  it  at  the  &nn.  But  for  night-soil  tbere  is  no  quick  market  Bj 
far  the  larger  part  of  that  produced  in  the  city  finds  its  way  to  the 
sea.  Even  in  the  times  when  water^losets  were  unknown,  and  the 
present  system  of  discharging  the  filth  of  the  city  into  its  sewers  had 
no  existence,  thousands  of  tons  of  night-soil  were  shot  overboard 
from  the  city  wharves  and  bridges,  in  order  to  avoid  the  expense  of 
hauling  it  four  or  five  miles  to  the  hrm  land. 

But  horse-manure  is  a  potassic  manure,  while  night-soil,  whether 
fresh  or  stale,  is  not.  The  hay  and  oats  eaten  by  the  horses  of  an 
American  city  and  the  straw  upon  which  the  horses  sleep  all  contain 
a  much  larger  proportion  of  potash  than  do  the  bread  and  meat  and 
vegetables  that  serve  as  human  food.  The  more  thoroughly,  more- 
over, the  original  horse-manure  has  been  wasted  by  fermentation,  so 
much  the  richer  in  potash  will  be  the  matters  that  are  left  But 
night-soil  when  fresb  is  rich  in  nitrogen,  and  when  old  it  is  a  phos- 
phatic  manure  charged  with  more  or  less  nitrogen ;  the  propordoQ 
of  potash  contained  in  it  at  any  time  is,  comparatively  speaking;  small 
Hence  upon  soils  that  lack  potash,  night-soil  can  produce  only  a  tem- 
porary useftil  effect  The  active  nitrogen  contained  in  it  would  natu- 
rally ''  force  "  the  soil  to  give  up  to  the  first  crops  what  little  available 
potash  it  might  possess,  and  the  land  would  thus  be  *'  exhausted."  * 

'  It  is  a  noteworthy  fact  that  some  of  the  &rmers  in  the  vicinity  of 
Boston  who  habitually  make  use  of  night-soil  are  accustomed  to  mix 
with  it  the  strawy  horse-manure  just  mentioned,  obtained  frt>m  stables 

*  Compare  the  resnlts  obtained  bjr  the  use  of  sulphate  of  ammonia  and  by  that 
of  fifl^-icrap  on  Sectbna  B  and  BB,  eqoares  3  and  8,  daring  tbe  three  jean. 
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in  the  oitj ;  for  the  reason,  as  thej  say,  that  the  liquid  portion  of 
the  night«oil  may  be  absorbed  by  the  straw,  and  the  offensive  smell 
diminished.  But  it  is  plain  that  by  this  method  of  procedure  they 
really  (Hrepare  a  eampUte  marwre,  which  from  some  points  of  view 
might  be  regarded  as  an  almost  perfect  mixture  of  fertilizers.  It  is 
no  wonder  that  these  skilful  persons  should  have  reason  to  believe,  as 
they  do,  in  the  peculiar  efficacy  of  night-soil,  or  that  they  should 
marvel  at  their  brother  fiurmers'  persistence  in  a  prejudice  against  it 
which  to  them  seems  highly  absurd.  Equally  good  results  could 
probably  be  obtained  by  using  night-soil  in  conjunction  with  potash 
sahs  from  Stassfiirt,  or  with  wood-ashes,  brought  by  rail  from  the 
interior.  So  long  as  the  cesspool  system  of  disposing  of  night-soil 
continues  to  find  place  in  our  cities  or  in  their  suburbs,  this  substance 
will  be  one  cheap  resource  for  the  neighboring  farmers.  There  may, 
I  think,  have  been  a  time  in  the  history  of  the  country  around  Bos- 
ton when  one  at  least  of  the  best  systems  of  forming  possible  under 
the  circumstances  of  the  locality,  might  have  been  based  upon  the 
oomlmied  use  of  horse-manure  and  night-soil  brought  from  the  city  ; 
though  probably  it  would  usually  have  been  best  to  use  some  wood- 
ashes  also.  It  would  be  an  interesting  question,  to  be  determined  in 
actual  farm  practice,  how  much  the  system  of  farming  just  indicated 
oould  be  improved  upon  to-day  in  the  environs  of  Boston,  in  so  &r  as 
the  economical  use  of  fertilisers  is  concerned.*  A  very  good  appre- 
ciation of  the  matter  was  shown  long  ago  by  a  successful  farmer  of 
West  Cambridge,  Mr.  George  Pierce.  In  1841  he  assured  Mr.  Col- 
man,  at  that  time  State  Conunissioner  for  the  Agricultural  Survey  of 
Massachusetts,  that  he  valued  very  highly  stable  manure,  brought 
irom  Boston,  and  night-soil  that  had  been  composted,  and  that  he  had 
a  high  estimation  for  wood-ashes.  ''When  the  soap-boiler  calls  to 
buy  ki$  ashes  for  the  customary  price  of  ten  cents  a  bushel,  he  re- 
pUea  by  offering  the  soap-boiler  twenty  cents  a  bushel  for  all  he  has, 

*  As  regards  the  continaed  use  of  Iligh^8oil  by  itself,  the  following  passage  from 
OUphant's  Narratire  of  Elgin's  Bilssion  to  China,  Vol.  L  p.  252,  is  of  interest. 
Near  Shanghai  the  author  saw  "  fields  of  wheat,  beans,  etc,  reeking  with  high- 
flavoted  manure,  bnt  bearing,  nerertheless,  thin  crops  and  abundance  of  weeds. 
The  land  in  China,  eren  in  the  elaborate  cnltivation  of  their  kitchen-gardens,  is 
nerer  properiy  worked.  The  snr&ce  merely  is  scratched  and  then  deluged  with 
fttoog  mamiva  The  oonaeqnanee  is,  that  though  the  yonng  crops  sooMtimes  kx>k 
gveeo  and  praaiang,  they  seldom  bear  heavily." 


168  BULLETIN  OF  THE  BUSaST  IM811TDT10M. 

and  buys  them  if  he  can.  I  give  his  opinions  as  those  of  a  ttriotlj 
practical  man,  of  much  experience,  and  perhaps  inferior  to  none  in  the 
admirable  skill  and  success  of  his  cultiyation.''* 

The  fact  that  Peruvian  guano  never  gained  that  popularity  in  New 
England  which  was  very  generally  accorded  to  it  in  more  fertile 
regions  is  another  item  of  evidence  of  similar  import  to  that  just 
adduced  with  regard  to  nightH9oiL  Many  of  the  unsatis&ctory  results 
obtained  by  the  use  of  guano  in  field  practice  hereabouts  must,  no 
doubt,  be  ascribed  to  lack  of  moisture  or  to  erroneous  methods  of 
application,  such  as  frequently  occasioned  disappointment  in  all 
countries  in  the  days  when  guano  first  came  into  use.  But  it  would 
seem  to  be  plain  that  the  bad  repute  in  which  this  powerful  manure 
is  still  held  by  many  a  New-Englander  must  depend  upon  some  cause 
more  general  than  either  of  the  foregoing.  In  a  word,  the  fiusts  that 
guano  is  but  little  esteemed  by  the  £Emners  t>f  this  region,  and  that 
they  deem  it  an  exhaustive  manure,  go  to  show  that  our  soils  lack 
potash.  The  experience  of  our  farmers  with  guano,  as  with  nigfat- 
soily  has  proved  very  conclusively  that  in  general  no  long-continued 
succession  of  good  crops  can  be  obtained  from  our  soil  by  the  use  of 
manures  which  do  not  contain  an  adequate  supply  c^  potash. 

It  has  often  been  urged  directly  that  potassic  fertilizers  must  be 
specially  needed  by  New  England  soils,  since  the  application  of  wood- 
ashes  is  almost  everywhere  attended  with  good  effects.  Throughout 
the  old  grazing  districts  of  New  Hampshire,  for  example,  the  inhab- 
itants firmly  believe  that  the  land  has  **  run  out,"  because  too  much 
potash  has  been  taken  from  it  by  continually  carrying  off  hay  for  the 
winter's  support  of  cattle.  But  their  argument  lacks  precisiota,  based 
as  it  is  upon  the  theoretical  inference  just  stated,  and  upon  the  experi- 
mental fikct,  well  known  in  that  region,  as  it  is  almost  everywhere 
in  New  England,  that  wood-ashes  have  a  remarkable  effect  in  recu- 
perating worn-out  lands ;  for  both  the  exhaustion  by  cropping  and 
the  fertilizing  action  of  the  ashes  might  be  due  to  phosphates  taken 
off  in  the  hay  and  contained  in  the  ashes  as  mudi  as  to  potash  or 
even  more.  In  consequence  of  this  uncertainty,  chemists  and  agri- 
cultural writers  have  often  paid  less  attention  to  the  popular  convio- 

*  H.  Gohnsn,  Fourth  Beport  Of  the  Agriddtore  of  Msietrhnsetta,  Boitoo, 
1841,  p.  406. 
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tion  than  it  really  deflerrecL  As  has  been  semi  already,  the  justice  of 
it  is  strongly  corroborated  both  by  the  experiments^  the  experience, 
and  the  practices  above  described. 

The  question  naturally  suggests  itself,  What  is  the  reason  of  this 
dearth  of  potash  1  Why  is  it  that  a  fertilizer  which  has,  compara- 
tiyely  speaking,  little  repute  in  Europe,  should  be  deemed  essential 
here  t  I  am  inclined  to  believe  that  the  farmers'  notion  is  correct, 
namely,  that  the  lack  of  potash  has  been  occasioned  by  incessant 
oroj^ing.  At  all  events,  that  practice  must  have  been  one  chief 
cause  of  the  present  exhaustion.  In  any  country  devoted  to  the 
rearing  of  stock,  where  the  winters  are  so  cold  that  cattle  are  kept 
housed  during  half  the  year  and  supported  upon  hay  or  other  forage 
that  has  been  taken  off  the  land,  much  of  the  farm  land  must  of 
necessity  tend  to  be  exhausted  sooner  or  later,,  imless  there  should 
prevail  a  careful  and  thorough  system  of  collecting  and  preserving  the 
dnng  of  the  animals  and  of  returning  it  to  the  fields,  or  unless  a 
large  proportion  of  the  hay  used  were  grown  upon  water-meadows. 
But,  as  is  well  known,  no  careful  system  of  returning  dung  to  the 
land  has  ever  been  generally  practised  in  New  England ;  and  with  the 
exception  of  the  interval  &rms  on  our  rivers,  and  the  salt  marshes  of 
the  seaboard,  scarcely  any  land  is  kept  in  good  heart  by  matters 
brought  to  it  by  water ;  unless,  indeed,  by  straining  a  point  we  in- 
clude in  this  oat^;ory  those  fiivored  districts  where  the  so-called  sea- 
manure,  consisting  of  kelp,  rock-weed,  and  various  other  sea-plants, 
can  be  procured.  Hence  the  country  has  very  generally  come  to 
suffer  from  lack  of  that  kind  of  plant  food  which  has  been  most  com- 
pletely removed.  No  doubt  but  that  other  matters  besides  potash 
have  been  removed  from  the  land  by  the  practices  above  described,  or 
that  in  many  instances  phosphates  are  needed  also ;  but  the  evidence 
would  seem  to  show  that  in  the  present  case  the  supply  of  potash 
originally  c<mtained  in  the  land  has  given  out  first  It  is  no  great 
matter  for  surprise  that  this  thing  should  have  occurred  in  a  country 
mainly  devoted  to  grazing  and  the  growth  of  forage.  If  New  Eng- 
land had  been  a  grain-growing  country,  phosphoric  acid  might,  per- 
haps, have  been  its  weakest  point  It  is  to  be  remembered  that  the 
conditions  of  New  England  fuming  are  peculiar,  not  only  in  respect 
to  the  severity  of  the  climate  and  to  the  comparative  violence  of  the 
rain-fally  but  that  many  of  the  methods  of  culture  that  are  pursued 
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by  our  farmers  are  singularly  unlike  those  which  previdl  upon  th« 
European  fisirms  that  are  most  firequently  described  in  woriu  upon 
agriculture.  For  example,  we  have  never  in  .this  oountiy  had  any- 
thing to  compare  with  that  incessant  returning  of  straw  to  the  land 
which  for  a  century  or  more  was  an  article  of  faith  in  most  of  the 
best  Beuming  lands  of  Europe.*  But  by  means  of  that  practice  the 
soil  of  many  regions  must  have  received  a  supply  of  potash  that  may 
yet  endure  for  generations.  There  would  be  cause  for  surprise  on 
most  New  England  &rms  if  nitrate  of  soda  applied  as  a  fertiliser 
should  produce  in  a  succession  of  normal  seasons  as  good  an  effect, 
pound  for  pound,  as  nitrate  of  potash.  Yet  field  experiments  in 
Europe  have  not  infrequ^itly  indicated  such  a  result. 

The  practice  of  clearing  land,  whether  of  trees  or  bushes,  by  burn- 
ing, which  is  so  common  in  many  districts,  can  hardly  &il  to  hasten 
the  process  of  exhaustion,  inasmuch  as  some  portions  of  the  ashes  are 
oocnmcmly  washed  into  brooks  and  rivers  by  our  heavy  showers  of  rain, 
and  because  the  first  cn^  grown  upon  the  burnt  land  are  liable  to 
take  up  and  carry  away  a  larger  proportion  of  potash  than  the  i^ants 
have  any  real  need  o(  or  than  they  would  naturally  take  if  the  food 
wore  a  little  less  Accessible. 

It  is  not  impossible  that  the  generality  of  the  rocks  of  New  Eng- 
land, firom  which  the  soil  was  formed,  may  contain  lees  potash  than 
those  of  more  &vored  lands.  This  is  a  question  that  I  mean  to 
investigate.t  But  fix>m  what  has  been  said  already,  it  will  be  seen 
that  there  is  no  need  of  fieJling  back  upon  a  supposition  such  as  this 
so  long  as  there  are  well-established  facts  at  hand  by  which  the  pres- 
ent lack  of  potash  can  be  explained. 

As  regards  the  original  poverty  of  our  soils,  the  manner  in  which 
many  of  them  have  been  formed,  through  the  decomposition  of  the 
superficial  layers  of  the  great  beds  of  loose  stones,  sand,  and  gravel 
with  which  the  region  is  oovered,  cannot  have  been  fitvorable  to  the 
production  of  a  high  degree  of  fertility.  Besides  the  impoverishing 
effects  produced  by  the  mere  leaching  with  rain-water  of  soils  thus 

*  For  remarks  on  the  fbrms  of  compact  between  landlordi  and  tenants,  with 
respect  to  the  retention  of  straw,  see  the  works  of  William  Marshall,  pasnm.  Com- 
pare London's  Encydopndia  of  Agricnltnre;  Article,  BestrictiYe  Coyenants  with 
Tenants  at  Will,  under  Bents  of  Leases.  See  also  JSioedAardf$  CftoMsdU  Fdi- 
predigtm,  L  183,  Ldpdg,  1856. 

t  See  note  on  p.  161. 
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placed  upon  a  natural  filter,  it  is  plain  that  during  all  the  earlier 
stages  of  the  process  of  disintegration  a  much  larger  proportion  of  the 
finer  particles  of  rock  and  of  the  matters  derived  from  the  decay  of 
mosses  and  other  plants  must  have  been  washed  away  mechanically 
by  rain  from  soils  overlying  the  drift  than  would  usually  be  removed 
in  this  way  from  soils  that  were  in  process  of  formation  through  the 
decomposition  of  rocks  in  place. 

In  a  subsequent  report,  it  is  my  intention  to  discuss  more  fully  the 
potassic  manures  that  are  obtainable  hereabouts,  with  the  view  of 
determining  which  of  them  will  probably  be  found  most  available  for 
the  New  England  farmer. 

It  has  been  suggested  already  that,  on  account  of  the  liability  of 
the  soil  of  different  divisions  of  a  large  experimental  field  to  vary 
more  or  less  In  composition  and  character,  it  is  neither  safe  nor  easy 
to  compare  very  closely  results  that  have  been  obtained  from  plots 
not  actually  contiguous.  But,  on  the  other  hand,  it  is  important  that 
the  results  of  a  considerable  number  of  the  experiments  should  be 
contrasted  with  one  another,  in  the  same  way  that  those  from  each 
division  of  the  field  have  been  compared,  in  order  that  the  rela- 

KoTB.  —  Several  kinds  of  rocks,  foand  in  place  at  localities  in  ibis  vicinity,  that 
hsve  already  been  examined  in  the  Bossey  laboratory,  contain  bat  little  potash,  as 
will  appear  from  the  following  list.  I  have  not  as  yet  been  able  to  procure  samples 
of  rocks  from  localities  to  the  northward,  whence  the  drift-gravel  of  the  Plain-field 
came.  Contained 

A  specimen  of  soft  clay  shale,  from  Morton  Street,  Jamaica  Plain,     potMh  (K,0). 

.     near  jnnction  with  Walnut  Street 1.10 

A  specimen  of  soft  clay  shale,  fW)m  Everett,  on  borders  of  Chelsea, 

near  comer  of  Chelsea  Street  and  Everett  Avenue  .       •  0.91 

Bhomboidal  clay  slate,  from  quarry  near  old  Powder-House,  Elm 

Street,  Somerville. 1^9 

A  compact  dark-colored  rock  (homblendic  slate?),  fix)m  Morton 

Street,  as  above.    Mean  of  two  trials  .        .        .        *   {  i  22  C  ^*^' 

A  compact,  fine-grained  gray  rock  (trap?),firom  "  red-gravel  local- 
ly "  on  Clyde  Street;  Brookline  .  .        .  1.00 
*'Tnp"  from  Chelsea  Street,  Everett,  as  above  ....             0.68 
Syenite,  firom  Bockport,  Cape  Anna ;  piece  taken  from  the  Post- 

Offlce  building  in  Boston 1.78 

A  specimen  of  very  fine-grained  granite  firom  a  quanj  in  Troy, 

K.  H.,  atthebaseofMt  Monadnock 8.66 

TOi*.  1.  21 
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tive  positions  of  the  several   classes  of  fertilizers  may  be  clearly 
exhibited.     To  this  end,  I  have  drawn  up  the  following  tables,  which 
are  analogous  to  those  previously  given,  and  differ  from  them  only 
inasmuch  as  they  include  the  results  obtained  from  thirty  squares 
upon  several  sections  of  the  field,  instead  of  the  results  from  only 
eighteen  squares  upon  contiguous  sections.     In  the  final  large  table, 
the  merit  of  each  fertilizer  is  given,  not  in  terms  of  eighteenths,  as 
before,  but    of   thirtieths.      The   thirty  experiments   compared    in 
these  tables  were  selected  because  of  the  following  considerations : 
During  the  years  1871  and  1872  there  were  cultivated,  as  has  been 
seen,   72  squares  of  barley,   72  squares  of  beans,  and  72  of  ruta- 
bagas ;  but,  as  has  been  explained  already,  a  number  of  these  squares 
(sixteen  in  all  for  each  kind  of  crop)  were  not  planted  in  1873.     The 
two  squares  treated  with  green-sand  in  1872  and  1873  .had  no  ma- 
nure whatever  in  1871.     Hence  there  are  left  only  54  squares  that 
admit  of  being  compared  with  one  another  for  the  three  years,  and 
from  this  number  wo  must  subtract  18,  on  account  of  the  squares 
situated  upon  the  fertile  soil  of  Sections  A  and  AA,  which  cannot 
fairly  be  put  in  comparison  with  the  rest.     From  the  36  squares  that 
are  left  a  further  deduction  of  6  has  been  made  on  account  of  repe- 
titions, such  as  the  five  unmaniu*ed  plots,  and  the  two  sets  of  plots  that 
were  treated  with  dungs,  the  arithmetical  means  of  which  are  taken  in 
each  case,  whence  the  final  number  30  as  the  basis  of  the  comparisons. 
It  is  to  be  observed  that  these  tables  have  been  drawn  up  merely 
for  the  sake  of  contrasting  in  a  general  way  the  results  obtained  upon 
different  sections  of  the  field.     Care  must  be  taken  not  to  lay  too 
much  stress  upon  any  of  the  figures,  since  many  of  them  need  to  be 
qualified  and  explained  in  order  that  their  true  significance  may  be 
comprehended.     Many  of  these  explanations  and  qualifications,  such, 
for  example,  as  that  the  ruta-baga  crops  are  of  small  significance,  and 
that  the  soil  of  Section  D  was  charged  with  elm  roots,  and  is  of  rather 
inferior  quality  to  that  of  the  other  sections,  have  been  made  already 
in  connection  with  the  tables  previously  given.     It  would  be  unprofit- 
able to  repeat  them  here.     It  will  be  enough  to  say,  with  regard  to 
this  general  table,  that  none  of  the  arguments  and  conclusions  here- 
tofore given  have  been  derived  from  the  consideration  of  it;   they 
depend,  in  every  instance,  upon  the  comparison  of  results  that  had 
been  tabulated  by  sections  and  by  divisions. 
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In  spite,  however,  of  this  lack  of  precision,  some  useful  suggestions 
may  be  gathered  from  the  general  tables.  The  good  effect  of  the 
potassic  manures  is  noticeable  almost  everywhere  at  the  first  glance ; 
and  the  remark  applies  not  only  to  the  beans,  which,  as  has  been 
repeatedly  urged,  were  the  only  crops  that  have  been  grown  with  real 
success,  but  to  the  barley  also  and  to  the  ruta-bagas.  Several  of  the 
nitrogenous  fertilizers  did  some  good,  particularly  in  1871,  when  the 
land  was  in  a  less  exhausted  condition  than  it.  was  afterwards.  A 
certain  useful  effect  was  occasionally  produced  by  some  of  the  better 
superphosphates  also,  and  this  result  is  no  matter  for  surprise,  in  view 
of  the  fact  that  these  so-called  superphosphates  contained,  besides 
phosphoric  acid  and  nitrogen  of  various  degrees  of  activity,  a  quantity 
of  sulphate  of  lime  competent  to  set  free  potash  from  the  silicates  in 
the  soil,  and  some  traces  of  potash  in  the  animal  matter  of  which 
they  are  in  part  composed.*  But  at  the  best  the  superphosphates 
have  done  but  little,  if  any,  more  good  than  some  of  the  nitrogenous 
manures,  such  as  sulphate  of  ammonia  and  the  heavy  dressing  of 
fish-scrap.  The  farm  manure  has  done  better  upon  barley  and  for 
the  production  of  leaves  and  straw  than  the  long  horse-manure  from 
the  city,  doubtless  because  of  its  containing  a  larger  proportion  of 
nitrogen.  It  will  be  remembered  in  this  connection  that  the  horse- 
maniu^  used  in  1872  was  inferior  to  that  of  the  other  two  years;  it 
consisted  for  the  most  part  of  swale-hay. 

It  will  be  noticed,  moreover,  that  the  character  of  the  several 
seasons  is  shown  in  some  part  by  the  tables  which  give  the  weights  of 
the  different  crops.  The  summer  of  1873,  for  example,  was  specially 
favorable  for  the  growth  of  ruta-bagas,  and  particularly  bad  for  the 
growth  of  barley.  The  summer  of  1871,  on  the  other  hand,  was 
favorable  for  beans  and  barley,  but  very  bad  for  ruta-bagas. 

*  For  example,  the  ^-called  **  XL  "  saperphosphate  obtained  from  Mr.  Wm. 
L.  Bradley  of  Boston,  in  1872,  was  found  to  contain  0.27  per  cent  of  potash. 
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As  was  naturally  to  be  expected,  the  results  of  these  experiments 
made  upon  poor  land  are  very  different  from  those  of  a  great  number 
of  field  experiments  that  have  been  made  in  Europe.     It  is  not  al- 
ways that  the  needs  of  a  given  soil  are  indicated  as  clearly  as  in  this 
instance.     In  the  records  of  scientific  agriculture  there  may  be  found 
the  details  of  many  experiments  in  which  the  plots  of  unnianured 
land  yielded  as  good  crops  or  almost  as  good  as  those  that  had  been 
heavily  dressed  with  all  kinds  of  fertilizers ;  and  this  to  all  appear- 
ance, not  because  of  excessive  drought  or  wetness,  but  because  of  the 
original  fertility  of  the  land.     It  seems  often  to  be  the  case  upon 
European  fields  that  this  particular  condition  (natural  fertility)  is  in 
excess,  so  to  speak,  of  the  other  conditions  that  are  essential  for  the 
successful  growth  of  crops.     Such  experiments  illustrate  very  clearly 
the  great  differences  which  subsist  between  the  agriculture  of  those 
countries  and  that  of  our  own.     It  is  plain  that  upon  the  rich  Euro- 
pean farms  comparatively  little  thought  is  bestowed  upon  the  natural 
strength  of  the  soil.     But  with  us,  where  land  is  cheap  and  abundant, 
it  is  inevitable,  and  it  is  proper,  that  the  farmer  should  endeavor  to 
derive   the  utmost   possible  advantage  from  the  matters  naturally 
contained  in  his  laud.     It  may  be  said,  indeed,  speaking  in  general 
terms  aud  of  the  generality  of  instances,  as  they  exist  in  this  region, 
that  that  man  will  be  the  best  farmer  who  knows  how  to  use  the 
natural  force  of  his  land  most  fully,  without  injuring  or  in  any  way 
weakening  it,  and  who,  if  need  be,  can,  slowly  perhaps,  but  with  con- 
stant profit  to  himself,  increase  the  original  fertility  until  it  is  in 
complete  accord  with  the  other  conditions  and  circumstances  by  which 
the  profits  of  the  farm  are  limited  aud  controlled.     But  in  many  of 
the  better  parts  of  Europe  the  case  is  different.     There  the  problem 
for  the  farmer  to  solve  might  almost  be  said  to  be  :  —  given  standing- 
room,  how  to  get  the  largest  possible  yield  from  the  land  ?     And  the 
more  costly  and  fertile  the  land  happens  to  be,  so  much  the  stronger 
would  seem  to  be  the  tendency  to  manure  it  heavily,  and  to  employ 
the  most  concentrated  manures,  with  the  view  of  obtaining  a  little 
larger  return  than  could  otherwise  be  got  from  the  great  reservoir 
of  plant-food,  which   the  land  must  of  itself  be  considered  to  be. 
Such  practices  depend,  of  course,  in  good  part,  upon  various  social, 
economic,  and  political  considerations  with  which  the  chemist  has 
no  particular  concern ;  but  from   a  cosmopolitan  point  of  view,  it 
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it  hard  to  believe  that  the  practice  of  drenching  rich  land  with 
dang,  and  with  manures  that  are  in  some  sort  complete,  can  be  ^nily 
philosophical  so  long  as  there  are  vast  tracts  of  land  all  over  the 
world  still  waiting  to  be  tilled.  It  is  undoubtedly  true  that,  during 
the  last  twenty  or  thirty  years,  much  intelligent  action  has  been 
brought  to  bear  upon  the  question  how  best  to  use  all  the  available 
sources  of  plant-food,  and  that  many  European  farmers  now  utilize 
the  natural  fertility  of  their  land  more  fully  than  was  formerly  the 
case,  notably  by  manuring  with  active  nitrogen  compounds  and  with 
superphosphate.  But  there  would  still  seem  to  be  room  for  improve- 
ment in  that  regard.  It  would  be  exceedingly  interesting  to  learn 
how  many  Eiut)pean  fieumers  have  intelligently  sought,  in  the  light  of 
Messrs.  Lawes  and  Gilbert's  famous  research,*  to  use  up  to  the  point 
of  economic  completeness  any  excessive  store  of  either  kind  of  plant- 
food  that  their  land  may  have  contained  naturally,  or  which  may  have 
accumulated  in  the  land  through  the  application  of  straw  and  dung 
continued  for  long  terms  of  years,  and  to  know  with  what  measure  of 
success  the  effort  has  been  attended. 

It  is  evident  that  experiments  made  upon  the  fertile  European 
soils,  like  many  of  the  practices  of  the  farmers  who  till  them,  can 
have  but  little  direct  application  for  the  solution  of  problems  that 
present  themselves  in  New  England.  On  examining  the  records  of  a 
large  number  of  German  experiments,  I  have  been  surprised  to  find 
bow  small  a  proportion  of  them  were  made  upon  really  poor  land. 
Some  of  them,  indeed,  as  has  just  been  indicated,  have  served  merely 
to  point  out  the  danger  of  adopting  too  intense  a  system  of  cultiva- 
tion, inasmuch  as  neither  nitrogenous,  phosphatic,  nor  potassic  ma- 
nures gave  any  increase  over  the  abundant  crops  obtained  from  the 
plots  that  were  left  unmanured.  In  most  of  these  cases  the  soils 
were  doubtless  in  the  same  predicament  as  those  squares  of  my  own 
experiments  that  were  heavily  dressed  with  mixed  fertilizers ;  that  is 
to  say,  they  contained  an  excess  of  all  kinds  of  plant-food  over  and 
above  what  the  crops  could  make  use  of  under  the  conditions  to 
which  the  land  was  exposed.  Many  of  the  European  experiments 
would  undoubtedly  have  given  more  useful  results,  even  as  regards 
the  land  upon  which  they  were  made,  if  the  fertility' of  the  soil  had 

*  Bqxnt  of  Experiments  on  the  Growth  of  Wheat  for  Twenty  Tears  in  Succes- 
sion, on  the  same  Land,  by  J.  B.  Lawes  and  J.  H.  Gilbert,  London,  1864. 
VOL.  !•  2 
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first  been  reduced  somewhat  by  the  removal  of  a  succession  of  crops 
grown  without  addition  of  any  manure.  Compare,  for  example,  a 
set  of  Bavarian  experiments  reported  by  Fraas  {Hoffman^M  Jahrexbe- 
rickty  2,  H3),  in  whidi  this  idea  was  put  in  practice. 


No.  8.  —  Analyses  of  several  Foreign  SuperphospJiaits  of  Idme ; 
with  Remarks  on  the  Cost  of  importing  Superphosphaies  from 
JSv/rope.  By  F.  H.  Storer,  Professor  of  Agricultural  Chem- 
istry. 

An  attempt  recently  made  by  the  Trustees  of  the  Massachusetts 
Society  for  Promoting  Agriculture,  to  determine  whether  it  would  be 
practicable,  economically  speaking,  for  American  farmers  to  unport 
superphosphate  of  lime  from  Europe,  led  to  the  following  analyses  of 
samples  of  that  substance  :  — 

I.  A  sample  given  to  the  Massachusetts  Society  for  Promoting 
Agriculture  by  Mr.  Lawes  of  Rothamsted,  England  (see  his  letter 
on  page  181). 

Of  matters  valuable  as  manure  the  specimen  contained :  — 

Phosphoric  acid  soluble  in  water    .        .        .        .8.31% 
"  '*    insoluble    "  ...  1.68 

-Total 9.94% 

The  specimen  gave  off  15.88%  of  moisture  when  heated  to  212^. 

II.  A  sample  warranted  to  contain  10%  of  soluble  phosphoric  acid, 
bought  of  Dr.  L.  C.  Marquart,  in  Bonn,  Germany. 


Phosphoric  acid  soluble  in  water    ....       7 
"  "    insoluble  *  "  ...  5.58 


% 


Total 18.87% 

The  specimen  gave  off  18.07%  of  moisture  when  heated  to  212^,  and  left 
71.10%  of  ash  on  being  iguited. 

III.   A  sample  warranted  to  contain  15%   of  soluble   phosphoric 
acid,  bought  of  Dr.  Marquart  of  Bonn. 

Phosphoric  acid  soluble  in  water    ....    14.19% 
'  "  '*    insoluble    «*  ...  1.58 

Total 15.77% 

The  specimen  gave  off  20.06%  of  moisture  at  212^,  and  left  58.60%  ol  ash 
whan  ignited.    It  contained  8.47%  of  sand»  etc.,  insoluble  in  acid. 
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lY.  A  sample  warranted  to  oontain  20%  of  soluble  phosphoric 
acid,  bought  of  Dr.  Marquart  of  Bonn. 

Phoflphoric  acid  soluble  in  water   ....    17.86% 
((  «    inaolable    <"  ...  1.56 

Total 1942% 

The  specimen  gave  off  18.47%  of  moisture  at  212^,  left  60.15%  of  ash 
when  ignited,  and  contained  1.59%  of  sand  insolable  in  acid. 

Another  analysis  of  No.  lY.,  made  three  months  later  than  the 
first,  gave  — 

Phosphoric  acid  soluble  in  water    ....    17.88% 
••  "    insoluble    "  ...  1.29 

Total 19.12% 

The  two  follpwing  samples  (Nos.  Y.  and  YI.)  were  analyzed  on  the 
supposition  that  they  were  of  better  quality  than  most  of  the  fer- 
tilizers on  sale  in  this  vicinity,  in  the  hope  of  finding  a  really  good 
domestic  product  to  compare  with  the  foreign  articlQ.  It  will  be 
seen,  however,  on  comparing  the  analyses  with  those  of  other  Ameri- 
can fertilizers  examined  in  this  laboratory  (pages  8-15),  that  this 
anticipation  was  disappointed,  and  that  the  Portland  samples  belong 
to  the  same  general  class  or  family  as  those  previously  procured  in 
Boston. 

Y.  "  Cumberland  superphosphate,"  from  Portland,  Maine,  obtained 
in  the  spring  of  1873  by  J.  R.  Brewer,  Esq.,  of  Hingham. 

Moisture  expelled  at  21 2<^ 21.54% 

Yolatile  matter  (beside  moisture)  .        .        32.15 

Ash 46.81 

100.00 

Of  matters  valuable  as  manure  the  specimen  contained :  — 

Soluble  phosphoric  acid 4.98% 

Insoluble       <«  ** 6.86 

Total         "  " 11.84% 

Nitrogen 2.19% 

There  was  no  ammonia ;  but  sand,  etc.,  to  the  amount  of  6.38% 

YI.  "Cumberland  ammoniated  bone,"  from  Portland,  Maine,  ob- 
tained in  the  spring  of  1873  by  J.  R.  Brewer,  Esq.,  of  Hingham. 

• 

Moisture 14.71% 

Yolatile  matter  (beside  moisture)  84.13 

Ash 61.16 

lOOOO 
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Of  matters  Taluable  as  manto^  tbe  specunen  coatained :  — 

Soluble  phosphoric  acid         .....      O.S8% 
Insoluble       "  ".'.,.•  18.28 

Total         "  " 18.66% 

Tr^\  «;#^^v^    a  1 1  y  —  5  ammonia,  1.4 J%,  i.  e.  nitrogen         1.17% 
local  mtcogen,  «.1U  —  |  nitrogen  not  in  form  of  ammonia     1.94 

1.11% 

There  was  sand,  etc.,  insoluble  in  acid,  to  the  amount  of  .        .        2.51% 

In  Octobe^,  1872,  $55  per  ton  was  asked  in  Boston  for  the  Com- 
berland  superphosphate,  and  $50  per  ton  for  tbe  Cumberland  am- 
moniated  bone ;  and  a  considerable  discount  upon  tbese  sums  was 
granted  in  tbe  spring  of  1873  to  tbe  piu*chaser  of  a  car-load  of  the 
znaterials  who  dealt  directly  with  the  manufacturer,  and  was  allowed 
the  commission  that  would  ordinarily  have  been  paid  to  tbe  selling 
agent. ' 

One  of  the  samplee  (No.  II.)  obtained  from  Dr.  Harquart  had 
evidently  deteriorated  by  keeping ;  that  is  to  say,  a  p(»-tion  of  the 
soluble  phosphoric  acid  originally  contained  in  it  had  imdoubtedly 
been  ''  reduced  '^  since  the  time  of  manufacture.  The  analysis  goes 
to  show  that  the  low-grade  European  superphosphates,  like  most 
of  those  made  in  this  country,  ^ould  be  brought  to  the  laad  fresh 
from  the  manufactory,  in  order  that  the  crops  to  which  they  are 
applied  may  derive  the  full  benefit  of  the  labor  and  chemical  treats 
ment  which  have  been  expended  to  that  end  by  the  manufacturer  of 
the  fertilizer.  The  other  samples  from  Dr.  Marquart  (Nos.  III.  and 
lY.)  were  doubtless  what  they  purported  to  be,  though  the  analyses 
do  not  show  it.  Through  the  carelessness  of  the  European  shipp^, 
these  high-grade  samples  were  put  into  the  hold  of  a  sailing-vessel 
for  the  Atlantic  voyage  in  coarse  bags.  Naturally  enough,  the  bags 
were  found  to  be  thoroughly  rotten  when  the  ship  was  discharged ; 
and  it  is  evident  from  the  analyses  that  a  good  deal  .of  moisture  had 
been  absorbed  by  the  hygroscopic  materials.  But  the  presence  of 
this  extraneous  moisture  of  course  lowers  the  percentage  proporticm 
of  phosphoric  acid,  as  shown  by  analysis.  On  subtracting  the  ex- 
cess of  moisture,  the  proportion  of  soluble  phosphoric  acid  rises  at 
once  to  tbe  amount  that  was  guaranteed.     There  is  consequently 
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good  reason  for  believing  that  both  of  the  high-grade  samples  were 
really  what  they  pretended  to  be.  Fcwr  example,  we  have  only  to 
assome  that  No.  III.  contained  14%  of  moisture  at  the  time  when  it 
was  bought,  and  that  No.  IV.  contained  between  8%  and  9%,  in  -order 
that  the  amounts  of  soluble  phosphoric  acid  found  in  the  samples 
shall  accord  with  the  warranted  quantities.  The  absorption  of  6% 
of  moisture  in  the  one  case^  and  of  10%  in  the  other,  would  debase 
the  15%  superphosphate  to  14%,  and  the  20%  article  to  less  than 
18%.  The  doubt  and  uncertainty  occasioned  by  this  absorption  of 
water,  and  a  part  of  the  expense  incurred  at  Boston  in  transfer- 
ring the  Boperphosphates  from  the  rotten  bags  to  barrels,  would, 
of  course,  have  been  avoided  if  the  samples  had  been  packed  in  tight 
kegs  or  casks  in  the  first  instance.  Even  the  lower  grade  samples 
(Nos.  I.  and  II.)  may  have  deteriorated  somewhat  through  absorption 
of  water.  At  all  events,  the  amount  of  moisture  found  in  them  would 
seem  to  be  unduly  large.  The  superphosphate  obtained  from  Mr. 
Lawes  was  properly  packed  in  casks  for  the  voyage  ;  but  the  sample 
analyzed  had  been  a  good  deal  exposed  to  the  air  after  the  casks  were 
opened  before  it  reached  the  laboratory. 

It  will  be  noticed  that  in  the  high-grade  samples  (Nos.  IIL  and 
IV.)  bat  little,  if  any,  of  the  soluble  phosphoric  acid  has  ''gone 
back  "  or  been.  *'  reduced  **  to  the  insoluble  state.  In  neither  instance 
is  the  amount  of  insoluble  phosphoric  acid  larger  than  would  be 
likely  to  occur  in  fresh  samples.  The  fact  that  so  little  of  it  has 
been  found  in  these  specimens  is  a  good  indication  of  iheir  excel- 
lence. 

The  prices  paid  for  these  superphosphates  in  Europe,  and  the  cost 
of  transporting  them  to  this  country,  will  appear  from  the  following 
statements,  which  have  been  drawn  up  by  Mr.  Henry  Saltonstall, 
Treasurer  of  the  Massachusetts  Society  for  Promoting  Agricul- 
ture :  — 

Actual  Cost  of  Three  Tons  German  Superphosphate,  from  Dr,  L,  Mar- 
quart,  of  Bonn,  via  Rotterdam,  to  Boston,  June,  1873. 

&    L  20  Bales,  10%  <^    6*  3*  .  .650 

S.   IL  20      <"       15%  ®     8  4         .        .        .        8     6  8 
8.  IIL  20     "       20%  @  10  6    .        .        .        .  10  10  0 

Paid  Dr.  Msrqoart  25     1  8  or  florins,  805.00 
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Charges  at  RoUerdam. 
Shipping  ehugee  and  postage,  7.50;  Consul's  fees,  6.25; 

Conmuasion,  2%  —  6.10 19.85 

Florins .        324.85 

Final  Payment  (U  Boston. 

324.85  florins  at  48  cents  per  florin       ....      $  155.91 

Interest  on  same,  2  months  22  days  .  2.48 

75  days'  interest  on  remittance         .        .        .2.27 

4.75 

Castom-honse  fees '      .        .  1.50 

Freight  and  primage  from  Botterdam  ....  38.98 

Boston  wharf  charges       .......  6.00 

29  empty  barrels,  repacking  and  cooperage  .        .  16.20 

Lewis  Wharf,  for  storage  and  labor          ....  4.80 

Total $228.16  cmrenej. 

Proportionate  cost  of  10%  »->  $  62.52  per  ton. 
^  "     "  15%  «=     75.88    **      ** 

"  «     «  20%  =-     89.76    «      " 

The  foregoing  statement  represents  the  cost  of  importing  German 
superphosphate  under  extremely  disadvantageous  circumstances.  Dr. 
Marquart  is  a  manufacturer  of  fine  chemicals.  He  neither  makes  nor 
deals  in  superphosphates.  The  Massachusetts  Society  applied  to  him 
in  this  instance  merely  because  of  the  good  standing  of  his  house, 
and  because  he  was  known  to  be  in  the  habit  of  shipping  goods  to 
Boston.  He,  of  course,  charged  such  profit  as  pleased  him  for  his 
trouble  in  procuring  and  forwarding  the  materiaL  Part  of  the  cost 
of  handling  the  superphosphate  in  Boston  could  be  avoided  in  future 
by  having  it  properly  packed  at  the  factory.  Since  the  importation 
was  made,  I  have  obtained  the  price-list  of  Emil  Giissefeld  of  Ham- 
burg, a  firm  devoted  to  the  manufacture  of  superphosphates  and 
the  importation  of  phosphatic  materials,  such  as  Baker  Island  guano, 
and  the  like.  From  this  list  it  appears  that  the  prices  of  warranted 
superphosphates  corresponding  to  Nos.  III.  and  IV.,  above  described, 
were  as  follows  at  Hamburg  in  the  summer  and  autumn  of  1873  : 
The  price  of  an  article  made  from  Baker  Island  guano,  and  warranted 
to  contain  20%  of  soluble  phosphoric  acid,  was  from  2^  to  3  courant 
thalers  per  110  pounds  English;  according  to  the  quantity  taken; 
while  the  price  of  an  article  made  from  '*  mineral  phosphate,"  and 
containing  15%  soluble  phosphoric  acid,  plus  1%  or  2%  of  insoluble 
phosphorio  acid,  was  from  2}  to  2^  thalers  per  110  pounds.     These 
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prices  refer  to  the  gross  weight  of  the  superphosphate  packed  in  bags. 
In  case  casks  are  ordered,  6%  is  allowed  for  tare.  Among  the  various 
other  products  advertised  by  Giissefeld,  an  18%  article  made  from 
Baker  Island  guano,  at  2^  to  2}  thalers,  and  a  19%  ditto,  at  2§  to  2} 
thalers,  are  noteworthy. 

From  these  data,  and  the  experience  gained  by  the  actual  impor- 
tation of  June,  1873,  Mr.  Saltonstall  has  drawn,  up  the  following 
estimate  :  — 

Estimated  Cost  of  importing  Ten  Tons  German  SttperpkosphcUe  from 

Hamhurg  hy  Sailing -Vessel  to  Boston, 

10  tons,  guaranteed  to  contain  20%  soluble  phosphoric  acid,  @  8 
Pmsaian  thalers  for  100  lbs.  German,  or  61  Prussian  thalers  for 
2,240  lbs.  English  =  610  thalers  @  72^  cents  each      .        .        .  $  442.25 
Say  70  barrels  (about  800  lbs.  in  each)  @  \  thaler  each,  or  86^  cents      25.88 
Shipping  charges,  consul's  fees,  postage,  and  commission,  say  .        .        1 5.00 

482.68 
Freight  and  primage  to  Boston  @  say  80 1.  per  ton  =  £  15  @  $4.90        78.50 

$  556.18 
$556.18  gold  @  18%  premium  =  $  628.48  currency. 

Boston  Charges, 
Custom-house  fees  and  wharfage,  say        .  25.00 

$  653.48  currency, 
or  $  65.84  per  ton  on  wharf  in  Boston. 

Allowing  all  charges,  except  first  cost,  to  remain  the  same  as  above,  and 
substituting  2|  thalers  per  cwt.  for  18%,  and  2\  thalers  per  cwt  for  15%,  then 
10  tons  of  18%  should  cost,  landed,  say  $  61.25  per  ton  currency,  and 
10   "     "  16%     •*         "        «*        "         52.84  "     ♦*  « 

From  this  estimate,  it  appears  that  the  448  pounds  of  soluble 
phosphoric  acid  contained  in  a  ton  of  the  20%  article  may  be  landed 
in  Boston  for  %  65^,  the  403  pounds  in  a  ton  of  the  18%  article  for 
$  61^,  and  the  336  pounds  in  a  ton  of  the  15%  article  for  %  53  ;  that 
is  to  say,  the  soluble  phosphoric  acid  would  cost  us  14^  cents  per 
pound  in  the  20%  article,  15^  cents  in  the  18%,  and  about  15|  cents 
in  that  of  15%.  There  would  naturally  be  a  certain  advantage  in 
importing  the  higher  grade  samples,  since  the  transportation  of  a  ton 
of  the  best  material  will  cost  no  more  than  the  transport  of  a  ton  of 
the  worst ;  and,  in  feet,  it  i^pears  from  the  estimate  that,  while  the 
pcioe  at  Hamburg  of  any  given  quantity  of  soluble  phosphoric  acid  is 
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very  nearly  the  same  (10  cents  per  pound)  whether  it  be  contained  in 
the  highest  grade  samples  or  in  those  of  the  lower  grades,  something 
may  be  saved  in  respect  to  freight  by  avoiding  the  transportation  of 
the  impurities  with  which  the  lower  grades  are  admixed. 

The  cost  of  importing  superphosphates  from  £ngland  will  appear 
from  the  following  statements  and  estimates.  It  will  be  noticed  that 
the  first  statement  refers  to  an  actual  importation :  — 

Estimated  Cost  of  Lawes's  Superpho^hate  shipped  from  London  to  Lip- 
erpool,  and  thence  by  Steamer  to  Boston^  based  on  Costs  of  actual  Im- 
portation ^f  Marchy  1 873. 

3  tons  invoiced  at  £  4  per  ton  delivered 12    0  0 

7  casks  @  5 «.  each     '. 1  15  Q 

IS  15  0 

Paid  at  Liverpool :  — 
Customs  dues,  1 5.  9  (f. ;  Entry  fees,  1 «.  6  cf. ;  Bills  lading,  2  f .  6  d. ; 

Postage,  4cf. ;  Cartage,  195.;   Coopering,  16 «.  4cf. ;   Freight 

from  London,  £l  \ls.  8  J.;  Commissions,  lOs.  6(f.  .  .  4  9  7 
Freight  and  primage  to  Boston,  £  6  5  5.  2  d.,  or,  say  £  2  1 5.  9  <f. 

per  ton     . .        .        .        652 

£24     9  9 
Cost  in  Currency  as  follows. 

Estimated  value  of  £  IS  15  «.  @  9^%  exchange  and  18%  gold  .        .   $  78.93 

Paid  ^dder,  Peabody,  &  Co.  for  £  4  9 «.  7  J.       .  .        .  25.64 

"•    Cunard  Steamship  Co.  for  £  6  5^.  2d,  @  29f  %  exc.  and  gold  85.99 

Boston  Charges. 

Steamer  charges,  87  cents;   Custom-house  and  entry  fees,  $1.10; 
Appraiser's  and  storage  fees,  $  9.45 11.42 

Total,  say  $  50.66  per  ton,  or $  151.98 

The  casks  were  discharged  fVom  the  steamer  before  they  could  be  entered,  and 
were  taken  to  the  United  States  storehouse,  where  thej  were  allowed  to  stay  one 
month. 

The  foregoing  statement  represents  the  extreme  cost  of  importing 
English  superphosphate.  The  sample  came  by  steamer,  and  it  had  to 
bear  the  cost  of  transportation  from  London  to  Liverpool  A  very 
considerable  saving  could,  of  course,  be  made  by  shipping  directly 
from  London  to  Boston  by  sailing-vessel,  as  will  be  seen  by  referring 
to  the  statement  on  page  1 79. 

Since  the  lot  of  superphosphate  sent  to  the  Trustees  of  the  Massa- 
chusetts Society  by  Mr.  Lawes  was  a  gift,  the  price  at  which  it  was 
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inToiced  did  not  necessarily  indicate  that  at  which  an  article  of 
dmilar  quality  could  be  bought  in  London.  Doubts  were,  in  fact, 
suggested  in  certain  quarters  as  to  the  justice  of  Mr.  Saltonstall's 
premise  in  the  foregoing  computations  that  £  4  was  the  London 
price.  In  order  to  settle  this  point  definitively,  application  was  made 
to  Mr.  F.  H.  Appleton  of  West  Peabody,  since  elected  an  officer  of 
this  institution,  who  happened  to  be  in  England  in  September,  1873, 
that  he  should  put  himself  into  communication  with  several  English 
manufacturers  of  superphosphates,  and  ascertain  the  prices  at  which 
the  products  of  their  establishments  are  habitually  sold^  The  data 
obtained  by  Mr.  Appleton  are  given  in  the  table  on  the  following  page. 
It  will  be  seen  that  they  fully  corroborate  Mr.  Saltonstall's  statement. 
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In  the  light  of  this  information,  Mr.  Saltonstall  has  prepared  the 
following  estimate  of  the  cost  of  importing  superphosphate  from 
England :  — 

Estimated  Cost  of  importing  Ten  Tons  of  Laweis  Swperphosphate  direct 

from  London,  hy  Sailing -Vessel  to  Boston, 

10  tons  saperphosphate  @  £  4  per  ton  delivered     .        .        .        .  40  0  0 

Say  SO  casks  ©  5  f.  each 7  10  0 

Customs  dues,  entry  permit,  and  hills  of  lading      ....  100 

Freight  and  primage  to  Boston  say  25  s,  per  ton        .        .        .  12  10  0 

60  10  0 
®  say  $  4.90  per  pound  sterling,  and  18%  on  gold         $  885.00 

Boston  wharfage  and  custom-house  fees,  say    .        .  25.00 

Total $  860.00  currency, 

or  S  86  per  ton  on  wharf  in  Boston. 

The  estimated  cost  on  ahore  hasis  of  a  higher  grade  superphosphate,  all  charges 
other  than  first  cost  being  the  same,  may  bo  found  by  adding  to  $  36  per  ton  say 
28  cents  for  every  shilling  per  ton  cost  in  England  over  £4  delivered.  For  ex- 
ample, a  superphosphate  costing  £4  10  s.  delivered  to  ship  in  London  or  Liverpool, 
should  cost  say  $38.80  per  ton  on  wharf  in  Boston. 

It  appears  from  the  table  that  in  England,  contrary  to  what  the 
price-list  of  Gttssefold  and  the  invoice  of  Marquart  show  to  be  true 
for  Germany,  the  price  of  any  given  quantity  of  soluble  phosphoric 
acid  is  somewhat  higher  in  the  high-grade  articles  than  in  those  of 
low  grade.  Thus  the  291  pounds  of  soluble  phosphoric  acid  con- 
tained in  a  ton  of  the  13%  article,  sold  by  the  Lawes  Chemical 
Manure  Company  at  £3  15*.,  would  cost  in  England*  about  $  20.63, 
or  a  single  pound  about  7  cents  ;  while  the  358  pounds  contained  in 
a  ton  of  the  16%  article,  at  £5  15  s.,  would  cost  about  $31.63,  or 
nearly  9  cents  per  pound  ;  and  the  400  pounds  contained  in  a  ton 
of  the  18%  article,  at,  say  X  7  10*.,  would  cost  about  $  41.25,  or  rather 
more  than  10  cents  per  pound.  It  appears,  in  fact,  that  the  difiercnco 
between  the  ^rst  cost  of  the  13%  article  and  those  of  higher  grade 
is  more  than  sufficient  to  make  up  for  the  expense  of  transporting 
the  inert  materials  which  are  contained  in  the  13%  superphosphate. 
On  referring  to  Mr.  Saltonstall's  estimate,  it  will  be  seen  that  the 
cost  per  ton  on  wharf  at  Boston  of  each  of  the  three  grades  of  super- 
phosphate now  under  discussion  would  be  $36  for  the  13%,  $45.80 
for  the  16%,  and  $55.60  for  the  18% ;  that  is  to  say,  the  cost  per 

^  Taking  27}  cents  of  our  money  as  the  equivalent  of  as  English  shilling. 
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pcmnd  of  soluble  phosphoric  acid  would  be  about  12j^  cents  m  the 
13%  artide,  almost  13  cents  in  that  of  16%,  and  nearly  14  cents  in 
that  of  18%.  It  will  be  well,  however,  for  the  American  importer  of 
superphosphate  to  remember  that  the  articles  of  high  grade  are  more 
trustworthy  than  those  of  low  price,  and  that  the  liability  of  the  low- 
grade  superphosphates  to  deteriorate  by  keeping  is  a  serious  objec- 
tion to  the  importation  of  such  material.  Neither  the  seller  nor  the 
buyer  could  be  perfectly  sure  as  to  the  state  in  which  a  low-grade 
superphosphate  might  arrive  in  this  country.  It  would  be  hard  to 
estimate  how  much  of  the  original  soluble  phosphoric  acid  would  be 
left  in  any  given  sample  at  the  end  of  a  long  voyage.  High-grade 
superphosphates,  on  the  contrary,  careftilly  made  from  pure  materials, 
.may  be  kept  without  detriment  for  any  length  of  time. 

It  appears  from  the  foregoing  that  soluble  phosphoric  acid  can  be 
brought  hither  both  from  England  and  from  Germany  at  a  much 
lower  price  than  it  can  usually  be  bought  for  in  Boston.  In  other 
words,  it  may  be  regarded  as  proved  that  any  society  or  combination 
of  farmers  could  procure  trustworthy  superphosphates  from  -abroad 
at  decidedly  lower  rates  than  those  customarily  paid  in  this  mar- 
ket for  fertilizers  of  indiffereht  and  uncertain  quality.  Much  good 
could  undoubtedly  be  done  by  any  agricultural  society  that  would 
\mdertake  the  importation  of  warranted  high-grade  superphosphate, 
not  with  a  view  of  profiting  by  the  sale  of  the  material,  and  even 
at  the  risk  of  a  considerable  money  loss,  solely  for  the  purpose  of 
establishing  in  this  community  a  definite  standard  of  excellence  in 
that  particular,  and  of  enabling  our  farmers  to  try  for  once  what  effect 
would  be  produced  upon  their  land  by  a  real  superphosphate. 

The  difficulty  in  organizing  such  action  as  has  just  been  proposed 
is  not  a  material  one,  but  there  are  cerUun  moral  oonsiderations 
which  greatly  embarrass  the  project.  Were  it  not  for  a  certain  feel- 
ing or  sentiment  which  prevails  in  this  community,  that  the  pure 
fertilizers  so  much  desired  could  and  should  be  made  here,  steps 
would  \mdoubtedly  have  been  taken  ere  this  to  procure  them  from 
abroad ;  but  the  moment  it  is  shown,  by  an  exhibition  of  the  prices 
at  which  superphosphates  are  sold  iu  Europe,  that  the  cost  of  manu- 
facturing these  products  must  be,  comparatively  speaking,  small,  almost 
every  one  is  overpowered  by  a  conviction  that  the  fBrtilizera  could 
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be  made  in  this  eotmtry  more  cheaply  than  they  can  be  imported, 
and  that  they  should  be  so  made  directly.  It  was  this  impression, 
doubtless,  that  led  Mr.  Lawes  to  write  the  following  letter,  which  he 
sent  to  the  Massachusetts  Society  with  his  gift  of  superphosphate  :  — 

BoTHAMBTED,  St.  Albaks,  MaTch  25, 1873. 
Henbt  Saltonstall,  Esq.,  Treasurer  Massachuaeita  Society  for  Trvmotmg  Agri- 
euUwe. 

Deab  Sib,  —  Dr.  Gilbert  has  requested  me  to  answer  your  letter  of  the 
2l8t  of  January,  and  to  inform  you  that,  in  accordance  with  your  request,  I 
have  forwarded  to  you,  through  Messrs.  Saunders  &  Co.,  Liyerpool,  three  tons 
of  superphosphate  of  lime.  I  am  very  sorry  that  so  much  delay  has  taken 
place  in  this  matter ;  but  it  was  Ibund  necessary  to  have  the  manure  packed 
in  casks,  and  these  casks  caused  delay  in  the  order.  I  have  for  some  time 
ceased  to  be  a  manufacturer  of  commercial  manure,  and  therefore  had  not 
the  same  authority  as  formerly.  The  manures  I  have  forwarded  to  you  are 
made  entirely  from  Charleston  phosphate  and  sulphuric  acid.  I  have  se- 
lected this  substance  in  preference  to  our  own  phosphate,  in  order  to  prove  to 
you  that  you  have  one  of  the  best  phosphates  which  the  world  produces,  but 
also  one  which  can  yield  a  commercial  superphosphate  cheaper  than  any 
other.  Charleston  phosphate,  as  imported  into  this  country,  contains  from 
67  to  60  per  cent  of  phosphate  of  lime.  When  ground  and  mixed  with  sul- 
phuric acid  (sp.  gr.  1.6),  in  the  proportion  of  100  phosphate  to  about  80  acid, 
it  yields  a  product  of  80  to  88  phosphate  rendered  soluble,  and  not  more  than 
8  to  4  per  cent  insoluble.  In  your  country  the  phosphate  can  be  raised  at  a 
cost  of  less  than  20  s,  per  ton.  The  grinding  would  cost,  at  the  most,  5  s,  per 
ton;  the  acid  50  s,  per  ton.  In  fact,  the  net  cost  of  the  superphosphate,  ready 
to  pack  into  bags,  ought  not  be  more  than  AOs.  per  ton  of  2,240  pounds ;  and 
all  the  phosphoric  acid  should  be  rendered  soluble  except  2  or  8  per  cent. 
As  these  manures  are  required  for  experimental  purposes,  I  beg  to  offer  them 
to  the  Massachusetts  Agricultural  Society  without  charge,  and  also  the  fol- 
lowing summary,  which  may  be  said  to  comprise  the  results  of  my  experience 
and  practice  in  regard  to  artificial  manures  for  the  last  thirty  years :  — 
The  only  two  substances  really  required  in  artificial  manures  are,  — 

Ist  Nitrogen ; 

2d.  Phosphate  of  lime. 
Nitrogen  is  useful  in  three  forms,  — 

Ist  As  nitric  acid ; 

2d.  As  ammonia ; 

8d.  As  organic  decomposable  matter,  yielding  ammonia  or  nitric  acid. 
Nitrogen  is  more  valuable  in  the  form  of  nitric  acid  than  it  is  as  ammonia, 
and  ammonia  it  more  valuable  than  decaying  subrtaneet  yielding  it    The 
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best  possible  manure  for  all  gramiDaeeous  crops  —  wheat,  barley,  maize,  oats, 
sugar-cane,  rice,  pasture,  grass — is  a  mixture  of  superphosphate  of  lime  and 
nitrate  of  soda.  Three  hundred  pounds  of  superphosphate  of  lime  and  275 
pounds  of  nitrate  of  soda  applied  every  year  to  one  acre  of  ordinary  English 
land  has  for  twenty  consecutive  years  given  a  produce  annually  of  six  quarters 
of  barley.  Fourteen  tons  of  farm-yard  dung  applied  annually  over  the  same 
period  has  given  the  same  produce  of  barley.  Superphosphate  of  lime  is  a 
special  chemical  manufacture  which  can  be  made  cheaper  on  a  large  than  on 
a  small  scale,  and  therefore  &rmers  ought  to  purchase  it  cheaper  than  they 
can  make  it ;  but  it  is  better  to  make  up  their  own  compound  manures,  pur- 
chasing their  nitrate  of  soda  or  salts  of  ammonia.  It  is  not  advisable  to  sov 
artificial  manure  with  beans,  peas,  tares,  or  other  leguminous  plants.  Com 
[i.  e.  grain]  and  root  crops  will  take  all  the  artificial  manure  which  the  fiunmer 
can  afford  to  pay  for.  Superphosphate  of  lime  should  always  be  placed  under 
the  soil,  either  by  drilling  or  harrowing  in  when  the  seed  is  sown.  Nitrate  of 
soda  may^be  sown  in  the  same  way,  or  it  may  be  sown  broadcast  when  the 
crop  is  up.  The  increase  in  the  growth  of  the  cereal  crop  is  much  more  de- 
pendent upon  the  nitrogen  supplied  than  on  the  phosphoric  acid.  Potash  ia 
generally  found  in  sufficient  quantities  in  soils,  and  the  artificial  supply  is  not 
required.  J.  B.  Lawbs. 

I  have  no  doubt  but  that  if  there  were  any  widespread,  intelligent 
demand  for  high-grade  superphosphates  in  this  country;  these  fertil- 
izers could  be  manufactured  here  and  sold  at  a  profit  for  less  monej 
than  it  would  cost  to  import  them  ;  but  in  point  of  fact  there  is  no 
such  demand,  and  there  never  will  be  until  the  consumer  has  Icamt 
in  one  way  or  another  that  it  would  be  for  his  advantage  to  procure 
such  materials,  and  to  avoid  those  that  cost  more  than  they  are 
worth.  It  is  precisely  for  the  purpose  of  diffusing  sound  knowledge, 
and  of  exciting  a  just  demand,  that  the  foreign  superphosphates 
should  be  imported  by  our  societies.  It  is  idle  to  expect  the  Ameri- 
can manufacturers  of  fertilizers  to  materially  change  their  methods 
and  processes  so  long  as  they  can  find  a  ready  market  for  inferior 
products,  that  can  be  manufactured  at  comparatively  small  cost  and 
sold  at  high  prices. 

The  publication  of  Mr.  Lawes's  letter  soon  after  its  arrival  in  this 
coimtry,  in  the  spring  of  1873,  led  to  various  adverse  criticisms,  some 
of  which  were  manifestly  unjust.  It  was  objected  that  Mr.  Lawes'a 
estimate  of  the  cost  of  raising  phosphate-rock'  must  be  incorrect, 
since  experience  had  taught  that  the  material  could  not  be  boqght  in 
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Charleston,  much  less  be  bought  and  transported  to  our  Northern 
cities,  for  the  sum  mentioned ;  but  it  is  to  be  observed  that  Mr. 
Lawes  is  not  writing  in  the  interest  of  the  New  England  manu- 
facturer. His  words  point  most  distinctly  to  a  manufactory  in  the 
immediate  vicinity  of  the  phosphate-beds,  perhaps  even  worked  by 
the  proprietor  of  a  phosphate-bed.  His  views  are  evidently  those  of 
a  large  English  manufacturer,  familiar  with  extensive  operations  rest- 
ing on  firm  bases.  It  was  maintained,  moreover,  that  the  cost  of 
making  sulphuric  acid  in  this  country  must  be  very  much  larger  than 
the  cost  of  that  manufacture  as  stated  by  Mr.  Lawes,  because  oil  of 
vitriol  *  could  not  be  bought  in  our  markets  except  at  a  much  higher 
price  ;  but  Mr.  Lawes  is  speaking  of  the  cost  of  making  acid  for  use, 
not  for  sale,  and,  moreover,  he  says  nothing  of  oil  of  vitriol. 

From  the  printed  price-list  of  the  Lawes  Chemical  Manure  Company, 
obtained  by  Mr.  Appleton,  it  would  appear  that  the  sale-price  of  sul- 
phuric acid  is  not  very  much  lower  in  England  than  in  this  country. 
Li  September,  1873,  the  Lawes  Company  advertised  sulphuric  acid 
of  1.7  sp.  gr.  at  I  of  a  penny  per  pound,  or  1-/^^  cents  of  our  money, 
estimating  the  pound  sterling  at  $  4,90,  and  the  premium  on  gold  at 
13%  ;  but  during  the  summer  of  1873  oil  of  vitriol  could  be  bought 
by  the  large  quantity  in  Boston  for  1|  cents  per  pound.  I  was  in- 
formed at  that  time  by  one  large  consumer  of  this  material  in  Boston, 
that  he  had  been  supplied  for  some  months  at  the  rate  of  1^  cents 
per  pound,  though  it  was  generally  supposed  that  the  manufacturer 
gained  no  direct  profit  by  selling  at  that  price. 

Morfit,  in  his  work  entitled  "  A  Practical  Treatise  on  Pure  Fertil- 
izers" (New  York,  1872),  page  503,  when  describing  the  manufacture 
(in  England)  of  a  very  high-grade  superphosphate,  specifies,  among 
other  things  needed,  a  number  of  tons  of  sulphuric  acid  of  1.7  sp.  gr., 
at  70  8.  per  ton ;  that  is  to  say,  he  estimates  the  cost  of  such  acid  to 
the  superphosphate-maker  at  something  less  than  1  cent  par  pound. 
But  the  acid  of  1.6  sp.  gr.  mentioned  in  Mr.  Lawes's  letter  is  a  weaker 
and  a  cheaper  article  than  this.  Even  if  it  should  appear  that  Mr. 
Lawes's  estimate  of  the  cost  of  making  sulphuric  acid  in  this  country 
is  very  far  from  the  truth,  his  statement  would  still  be  valuable  as 

*  Tbroogh  a  misunderstanding,  Mr.  Lawes's  statement  of  the  strength  of  the  sul- 
phuric add  referred  to  in  his  estimate  was  left  out  when  the  letter  was  first  printed. 
His  original  manuscript  reads,  **  Sulphuric  acid,  sp.  gr.  1.6/'  as  printed  above. 
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indicating,  no  matter  how  roughly,  what  can  be  done  in  this  respect 
in  England.  In  case  it  could  be  shown  that  our  manufacturers  are 
quite  unable  to  compete  with  those  of  England  in  this  branch  of 
manufacture,  there  might  be  ground  for  arguing  that  we  had  bet- 
ter obtain,  our  entire  supply  of  superphosphate  from  Europe. 

Mr.  Lawes's  advice  to  farmers  that  they  should  purchase  fertilizers 
singly,  —  that  is  to  say,  in  the  uncompounded  state,  —  and  mix  them 
for  themselves  when  mixtures  are  needed,  is  a  point  that  cannot  be 
too  strongly  urged  in  this  country.  All  that  could  be  said  as  to  the 
inadvisability  of  buying  mixtures  of  superphosphate  and  nitrate  of 
soda  or  sulphate  of  ammonia  may  be  urged  with  still  greater  force 
against  the  mixtures  of  superphosphate  and  rough  nitrogenous  mat- 
ters, such  as  fish-scrap  or  slaughter-house  refuse,  that  are  so  common 
in  the  American  markets.  The  farmer  can  buy  these  nitrogenous 
fertilizers  by  themselves  at  cheap  rates ;  and  it  will  unquestionably 
be  well  for  him  to  do  so,  especially  since  it  has  been  shown  that  pure 
superphosphates  can  readily  be  procured  from  Europe. 

Some  of  the  other  recommendations  of  Mr.  Lawes  will  hardly  be 
foimd  to  meet  the  requirements  of  most  soils  in  this  vicinity.  Thus, 
his  proposal  to  iise  nitrate  of  soda  at  the  rate  of  two  hundred  and 
seventy-five  pounds  to  the  acre,  his  omission  of  potash  fi*om  the  mix- 
ture of  fertilizers,  and  his  remark  as  to  the  inutility  of  putting  potash 
upon  land  apply,  of  course,  only  to  the  soils  of  fertile  regions,  or  to 
soils  derived  from  rocks  rich  in  potash.  It  has  long  been  known  that 
the  soils  of  New  England  stand  in  great  and  special  need  of  potash, 
as  has  been  set  forth  at  some  length  in  this  Bulletin,  pages  155  - 161. 
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No.  9.  —  On  the  Valuation  of  the  Soluble  Phosphoric  Acid  in 
Superphosphate  of  Lime.  By  F.  H.  Stobeb,  Professor  of 
Agricultural  Chemistry. 

In*  calculating  the  value  of  a  superphosphate  from  the  consumer's 
point  of  view,  it  has  hitherto  been  difficult  to  determine,  even  approx- 
imately, what  price  should  be  allowed  per  pound  in  this  vicinity  for 
the  soluble  phosphoric  add. 

In  the  nature  of  things,  it  is  less  easy  to  form  a  just  estimate  of  the  aver- 
age value  of  the  constituents  of  a  manufsictured  article  like  superphosphate 
of  lime,  than  of  those  of  a  waste  product,  like  the  siftings  of  bone-black, 
or  of  a  raw  material  like  bone-ash.  The  prices  of  the  substances  last 
named  are  controlled  by  the  simplest  laws  of  trade,  and  they  are  conse- 
quently, comparatively  speaking,  definite  and  well  known,  and  subject  to 
no  great  fluctuations.  But  the  price  and  composition  of  bone-ash,  and 
of  spent  bone-black,  having  been  determined,  the  price  of  the  insoluble 
phosphoric  add  contained  in  these  materials  follows  as  a  matter  of 
course,  as  has  been  set  forth  on  page  17  of  this  '^  Bulletin.''  So,  too,  the 
price  per  pound  that  the  farmer  must  pay  at  the  present  time  for  « 
potash  rests  directly  upon  a  firm  and  definite  basis;  viz.,  the  price 
of  **  muriate  of  potash  "  imported  from  Grermany.*    But  with  respect 

*  In  Janaary-Febmary,  1874,  muriate  of  potash,  oontaiDing  80%  of  the 
pure  salt  (KCl),  was  sold  in  Boston  at  $56.00  currency  per  ton,  a  price  that 
would  be  equivalent  to  about  5^  cents  per  pound,  for  real  potash  K^O. 

It  is  to  be  hoped  that  the  chemical  manufacturers  of  New  England  will  find 
their  advantage  in  employing  the  German  muriate  of  potash  for  making  muri- 
atic acid,  in  place  of  the  common  salt  now  used  for  that  purpose.  The  residual 
"  salt  cake," — a  somewhat  add  sulphate  of  soda, — that  results  from  the  present 
system  of  manufacture,  is  a  substance  that  is  often  hard  to  dispose  of  in  this 
region.  It  has  very  little  agricultural  value.  But  for  sulphate  of  potash,  of 
high  grade,  such  as  would  result  from  the  manufacture  of  muriatic  acid  fi*ora 
the  better  sorts  of  the  German  muriate  of  potash,  there  should  be  a  well-nigh 
unlimited  demand  for  agricultural  purposes. 

There  must  always  be  a  certain  advantage  in  transporting  the  muriate  rather 
than  the  sulphate  of  potash  from  Stassfurt,  as  Professor  Johnson  has  already 
remarked,  because  of  the  somewhat  lower  equivalent  weight  of  the  muriate. 
But,  on  the  other  hand,  sulphate  of  potash  is  to  be  preferred  to  the  muriate  as  a 
fertilizer  on  several  accounts.  The  sulphate  has  some  useful  qualities  of  its 
own,  and  it  is  rather  less  likely  than  the  muriate  to  do  harm  when  used  unin- 
teUigently. 

VOL  I.  24 
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• 

to  soluble  phosphoric  acid,  the  inherent  difficulty  of  estimating  its  price 
has  been  greatly  increased  in  this  country  by  the  lad:  of  intelligent 
competition  among  the  manufacturers,  by  the  practice  which  preyails 
among  them  of  mixing  with  their  superphosphates  organic  nitrogen- 
ous matters  of  uncertain  value,  and  by  ignorance  on  the  part  of  many 
buyers  as  to  the  real  use  and  mode  of  action  of  the  fertilizer. 

Professor  Johnson,  of  New  Haven,  in  some  of  hb  earlier  reports  to  the 
Secretary  of  the  Connecticut  State  Board  of  Agriculture  (see,  for 
example,  his  reports  for  1858  and  for  1869),  adopted  Professor  Stoeck- 
hardt's  German  estimate  of  12^  cents  (gold)  per  pound  as  the  price 
of  soluble  phosphoric  acid.  But,  in  his  report  for  1870,  Johnson  was 
induced,  by  considerations  which  are  discussed  at  some  length  in  the 
report,  to  adopt  16^  cents  (currency),  in  the  belief  that  this  estimate 
was  more  just  than  the  other.  Practically  Professor  Johnson  substituted 
for  his  former  estimate  (12^  cents,  gold),  a  price  that  would  be  the 
equivalent  of  it  in  currency  when  the  premium  on  coin  was  30^. 
This  curvency  price,  though  proposed  by  Johnson  merely  as  a  tempo* 
rary  expedient  ^  for  the  present,  or  until  more  decisive  data  are  acces- 
sible," has  been  accepted  by  so  many  American  chemists  who  have  had 
to  do  with  the  analysis  of  fertilizers  that  it  may  be  said  to  have  been 
generally  adopted  in  this  country. 

But  from  the  following  considerations  it  will  appear  that  at  the 
present  time  (spring  of  1874)  16^  cents  is  much  too  high  an  estimate 
to  put  upon  the  pound  of  soluble  phosphoric  add,  and  that  even  the 
old  estimate  of  12^  cents,  gold,  is  hardly  tenable. 

The  first  item  of  evidence  bearing  upon  the  question  has  been  given 
in  a  paper  *'  On  the  Cost  of  importing  Superphosphates  from  Europe,** 
already  published  in  this  ^  Bulletin,^  page  170,  whence  it  appears  that 
soluble  phosphoric  acid  may  be  imported  into  Boston  from  England  at 
a  cost  of  12^  cents,  per  pound,  currency. 

The  second  item  consists  in  the  ofiers  of  a  responsible  New  York 
dealer  in  fertilizers  *  to  sell  superphosphates  either  in  New  York  or  in 
Boston  at  prices  which  would  make  the  pound  of  soluble  phospborio 
add  come  at  12^  cents.t 

♦  Mr.  Geo.  B.  White,  160  Front  Street,  New  York. 

t  The  detailf  of  these  offers  are  as  fbllows :  Mr.  White  will  sell,  in  teu- 
ton lots,  a  saperphosphate  yieldmg  10%  of  soluble  phosphoric  add  at  $25.00  per 
ton  of  2000  lbs.,  packed  at  his  expense,  either  in  bags  or  barrels,  and  ddiTered 
free  on  board  any  vessel  fbr  a  New  England  port,  sailing  out  of  New  York ;  or  be 
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Still  farther  evidence,  of  a  kind  more  condusive,  perhaps,  to  some 
minds  than  the  foregoing,  will  be  foond  in  the  following  statement  of  a 
£irmer's  practical  experience  as  to  the  cost  of  making  superphosphate 
from  spent  bone-black  and  oil  of  vitriol,  at  a  farm  about  twelve  miles 
£rom  Boston.  The  experience  is  that  of  Mr.  Henry  Saltonstall, 
Treasurer  of  the  Massachusetts  Society  for  Promoting  Agricukure; 
and  it  is  all  the  more  valuable  in  its  bearings  upon  the  present  aspect 
of  the  question  of  the  valuation  of  soluble  phosphoric  acid,  because 
the  information  was  gained  as  an  incidental  result  of  actual  work  at 
the  £urm,  that  had  been  performed  without  the  slightest  reference  to  its 
connection  with  the  subject  now  in  question  ;  in  &ct,  without  thought 
of  formulating  the  results,  or  of  paying  any  heed  to  them  whatsoever. 

Having  learned  by  chance  that  Mr.  Saltonstall  had  had  a  quantity 
of  superphosphate  made  at  his  &rm  from  boue-black,  I  wrote  for  a 
fair  sample  of  the  product,  in  order  to  get  an  idea  of  what  its  quality 
might  be.  Analysis  showed  that  the  sample  sent  by  Mr.  Saltonstall 
contained :  — 

Moisture  expelled  at  212^ 34.10* 

Volatile  matter  (beside  moisture) 16.70 

Ash  left  on  ignition 49.20 

100.00 

The  specimen  contained :  — 

Phosphoric  add  soluble  in  water 11.24% 

„  „    insoluble       ,,       8.15 

Total 14.39% 

The  large  amount  of  moisture  indicated  by  the  analysis  was  no  less 
surprising  than  the  really  excellent  quality  of  this  home-made  fertil- 
iser.   Li  reply  to  my  inquiries,  Mr.  Saltonstall  wrote  as  follows :  — 

*'  My  foreman  says  he  dug  the  sample  out  of  the  middle  of  the  pile,  and 
that  all  the  dampness  or  moisture  that  was  ever  in  it  had  had  no  chance 
to  dry  off. 

'*  To  2100  lbs.  of  bone-black  he  put  1050  lbs.  sulphuric  add,  and  half 

will  deliver  in  Boston  a  solable  phosphate  of  lime  of  verj  high  grade,  —  guaran- 
teeing 87%  (thirty-seven  per  cent)  of  anhydrous  phosphoric  acid  solable  in  water, 
—  at  $90.00  per  ton,  and  pro  rata  for  a  higher  percentage ;  the  exceedingly  con- 
centrated form  of  this  fertilizer  enabling  him  to  bear  the  cost  of  its  transportation. 
*  The  sample  came  to  hand  in  a  tightly  closed  bottle,  and  was  analyzed  im- 
mediately with  the  results  given  above.  Another  estimation  of  the  moisture, 
made  after  the  bottle  with  its  contents  had  stood  several  weeks  in  a  warm  room, 
gave  32.66%. 


188  BULLETIN  OP  THE  BUSSBY  INSTITUTION. 

as  much  again  water  as  acid,  ^^  1575  lbs.,  a  total  of  4725  pounds.  This 
mixture  made  3700  pounds  of  superphosphate,  at  a  cost  for  the  bone- 
black  of  $26.25,  for  the  acid  of  $25,  for  freight  from  Boston,  $4.50,  at 
the  outside  ;  for  labor  of  making,  say  $5,  —  a  total  of  $60.75,  or  say  $33 
per  ton  of  2000  pounds. 

**  Allowing  6  cents  a  pound  for  (3.15%)  63  lbs.  insoluble  phosphoric 
acid  in  a  ton,  the  (11.24%)  225  pounds  of  soluble  phosphoric  acid  cost  13 
cents  a  pound,  or  4  cent  more  than  Mr.  White  asks  for  his  two  qualities 
in  New  York.  So  that,  although  I  get  a  better  article  than  any  of  the 
eleven  superphosphates  reported  upon  by  you  in  No.  1  of  the  *  Bussey 
Bulletin,'  both  in  respect  to  quality  and  cost  of  soluble  phosphoric  acid,  I 
can  in  future  do  better  probably  with  White,  even  after  paying  freight, 
because  his  superphosphates  are  presumably  better  made,  and  so  less  likely 
to  *  go  back,'  —  particularly  that  of  the  very  high  percentage  of  soluble 
phosphoric  acid.  Still,  my  experiment  shows  that  buying  acid  at  retail 
at  21  cents  per  pound,  and  making  the  manure  without  proper  knowledge 
or  facilities,  in  a  heap  on  the  ground,  I  beat  the  commercial  makers 
(except  White)  in  quality,  and  expose  the  enormity  of  their  profits. 

«*  The  freight  and  labor  would  both  be  economized  in  a  properly  rega^ 
lated  wholesale  manufacture.  My  foreman  mistook  my  orders  about 
water.  I  told  him  *  as  much  water  as  acid.'  If  he  had  left  out  the  extra 
525  lbs.  of  water,  the  result  would  doubtless  have  been  better. 

'*  Superphosphate  was  made  at  my  farm  in  1873  from  spent  bone-black, 
In  the  same  way  as  in  1874,  except  that  less  water  was  mixed  with  the 
acid;  and  my  foreman  says  it  was  better  than  this  year's  product,  that  is 
to  say,  easier  to  handle,  because  less  moist  and  pasty. 

*'  ^  Last  year  the  home-made  superphosphate  was  applied  to  grass  with 
very  encouraging  results.  Upon  one  part  of  a  6|  acre  field  that  was 
laid  down  to  grass  in  the  spring  of  1873, 1  used  my  superphosphate  in 
connection  with  nitrate  of  soda  and  muriate  of  potash,  of  82%  (applied 
at  the  rate  of  340  lbs.,  150  lbs.,  and  100  lbs.  per  acre  respectively),  while 
another  part  of  the  field  was  dressed  with  the  Manhattan  Co.'s  *  blood 
guano,'  and  muriate  of  potash,  applied  at  the  rates  of  400  and  115  lbs. 
to  the  acre.  No  nitrate  of  soda  was  used  with  the  blood  guano,  because 
that  substance  was  supposed  to  contain  in  itself  a  sufficient  amount  of 
nitrogen. 

*^  The  grass  started  well  upon  all  parts  of  the  field,  but  the  2i  acres  that 
had  received  the  home-made  superphosphate  were  conspicuously  better 
than  the  4  acres  to  which  the  Manhattan  Co.'s  blood  guano  was  applied, 
imtil  the  very  severe  drought  of  last  year,  coming  as  it  did  in  the  grow- 
ing months,  withered  up  all  the  young  grass.* 

•*  Very  truly  yours,  H.  Saltonstaix. 

"Professor  F.  H.  Stobbb,  Bussey  Institution." 

*  Mr.  Saltonstall  informs  me  that  a  remarkably  heavy  crop  of  grass  has 
been  obtained  this  year  (1874)  from  the  field  in  question.    In  order  to  repair 
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It  is  plain  from  the  foregoing  statement  of  Mr.  Saltonstall's  expe- 
rience, that,  with  spent  bone-black  at  $25  per  ton,  and  snlphaiic  acid 
at  2}  cents  per  pound,  soluble  phosphoric  acid  may  be  made  at  anj 
&rm  at  a  cost  per  pound  of  13  cents  (or  perhaps  a  little  less)  in  cur- 
rency, plus,  or  minus,  the  difference  between  the  cost  of  transporting 
the  raw  materials  to  that  f&rm  and  the  expense  incurred  by  Mr.  Sal- 
tonstall  on  this  account  But  the  conclusion  thus  arrived  at  is  almost 
absolutely  identical  with  the  result  that  was  previously  determined, 
both  by  the  cost  of  intiporting  English  superphosphate,  and  by  the 
prices  of  the  New  York  dealer ;  namely,  that,  in  appraising  a  super- 
phosphate at  the  present  time,  in  this  part  of  New  England,  or  in  any 
part  of  the  country  equally  accessible  to  seaports,  12^  @  13  cents  cur- 
rency is  the  utmost  that  can  be  allowed  per  pound  for  the  soluble  phos- 
phoric acid  that  is  contained  in  it 

It  will  be  noticed  that  Mr.  Saltonstall's  experience  goes  far  to  dis- 
credit a  certain  p)rejudice  against  the  making  of  domestic  superphosphates 
that  has  latterly  been  current  Chemists,  in  particular,  have,  of  late 
years,  looked  with  little  favor  upon  the  manufacture  of  superphosphates 
at  the  fium.  They  have  argued,  naturally  enough,  that  a  chemical 
manufiu^ture  of  this  kind  is  foreign  to  the  farmer's  legitimate  business ; 

the  damage  done  by  the  drought  of  1878,  the  field  was  harrowed  in  August  of 
that  year,  and  again  sown  lightly  with  grass  seed.  Yerj  early  in  June,  1874, 
the  whole  6i  acres  were  treated  with  home-made  superphosphate  and  nitrate  of 
soda,  applied  at  the  rates  of  250  and  1124  lbs.  per  acre.  There  was  also  applied 
to  the  2Jk*acre  division  of  the  field  muriate  of  potash  (of  82%)  at  the  rate  of  100 
lbs.  to  the  acre,  and  to  the  4-acre  division  sulphate  of  potash  (of  60%),  at  the 
rate  of  162|  lbs.  per  acre.  **  The  abundant  rains  of  this  year  have  started  the 
grass  finely.  Three  cows  and  three  heifers  have  had  the  ran  of  the  field,  night 
and  day,  dorincf  the  season,  as  well  as  of  an  adjoining  piece  of  old  pasture 
land  of  about  18  acres,  and  four  horses  also  have  been  kept  upon  the  two 
fields  fully  one-third  of  the  time.  The  grass  on  the  2f«cre  part  getting  so  thick 
and  high  that  the  cattle  couldn't  manage  it,  I  put  in  a  mowing  machine ;  left 
as  much  grass  standing  uncut  upon  the  gpround  as  I  could,  to  cover  the  roots, 
and  July  1  housed  over  three  tons  of  hay  from  the  2^  acres  which  had  been 
pastured  till  the  grass  was  cut.  My  foreman  and  myself  estimate  that  the  2^ 
acres  were  from  a  third  to  a  half  better  than  the  rest  of  the  field.  If  the  162^ 
lbs.  per  acre  of  sulphate  of  potash  on  the  4  acres  in  1874  was  a  fiur  offset  for 
the  100  lbs.  of  muriate  per  acre  on  the  2^  acres,  then  all  the  difference  between 
the  parts  of  the  field  that  I  know  of  came  from  the  1878  manuring." 

"  The  field  a4Joins  that  on  which  my  experiments  with  potatoes  [see  '  Bussey 
Bulletin,'  page  187]  were  nuuie.  The  soil  is  stony,  with  a  free  gravel  subsoil, 
■od  very  dry  and  leachy." 
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that  it  is  something  which  he  would  not  naturally  undertake,  and  which 
he  cannot  be  expected  to  do  as  well  as  a  trained  artificer.  It  has  been 
shown,  moreover,  by  analysis  of  home-made  superphosphates,  that  had 
been  prepared  from  raw  bones,  that  it  is  by  no  means  an  easy  matt^ 
to  obtain  high-grade  products  by  operating  on  that  material.  There  is, 
for  that  matter,  good  reason  to  doubt  whether  the  old  notion  that  the 
bones  procurable  at  a  farm  should  be  treated  with  sulphuric  add  can 
be  justly  commended.  In  the  lack  of  fitcilities  for  reducing  the  bones 
to  dust  or  meal,  it  is  probably  true  as  a  general  rule  that  they  bad 
better  be  decomposed  by  means  of  wood  ashes  or  some  other  alkali. 
It  is  now  well  known  that  raw  bones  are  but  slowly  acted  upon  by 
sulphuric  acid,  unless,  indeed,  they  are  finely  powdered,  and  in  that 
event  they  had  probably  better  be  applied  directly  to  the  land,  as  bone-  ■ 
clust,  in  most  instances. 

From  what  has  been  said  already,  it  will  be  plain  that  the  making  of 
superphosphate  at  home,  from  a  proper  material,  is  really  a  valuable 
resource  to  the  £u'mer.  He  can  in  this  way  readily  protect  himself  not 
only  against  actual  fraud,  biit  against  the  excessive  prices  which  in  thi^ 
country  are  so  oflen  demanded  by  the  makers  and  vendors  of  super- 
phosphates. Mr.  Saltonstall's  results  show  clearly  that  while  the  prices 
of  the  raw  materials  remain  as  they  are  now,  the  farmer  has  it  in  his 
power  to  prepare  his  own  superphosphate,  from  spent  bone-black,*  at 
a  cost  that  is  not  only  very  much  lower  than  the  prices  at  which 
superphosphates  have  been  commonly  sold  in  our  markets  hitherto,  but 
which  is  really  and  intrinsically  small,  as  compared  with  the  least  pos- 
sible price. 

It  is  to  be  remembered,  moreover,  that  in  case  the  supply  of  bone- 
black  should  prove  to  be  inadequate  to  any  new  demand  that  might 
arise,  there  would  still  be  available,  for  the  farmer's  purpose,  those  bet- 
ter kinds  of  phosphatic  guanoes  which  are  readily  decomposed  by 
sulphuric  acid,  as  well  as  the  bone-ash  that  is  brought  from  South 
America. 

*  To  be  obtained  at  sugar  refineries,  as  well  as  of  the  dealers  in  fertUiaers. 
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No.  10.  —  On  the  Average  Amounts  of  Potash  and  Phosphoric 
Acid  contained  in  Wood-ashes  from  Household  Fires.  By 
F.  H.  Stober,  Professor  of  Agricultural  Chemistry. 

Among  the  potassic  fertilizers,  wood-ashes  will  undoubtedly  long 
maintain  a  prominent  place,  because  of  their  very  general  difiusion.  A 
manure  produced  at  the  farm  or  in  £9kctories,  towns,  or  villages  near  the 
fiirm,  most,  as  a  matter  of  course,  be  preferred  for  several  reasons  to 
any  competitor  that  has  to  be  brought  from  a  distance.  It  is  evidently 
a  matter  of  some  importance,  however,  to  determine,  with  as  much  pre- 
dsion  as  may  be  possible,  just  what  the  advantages  of  using  the  domestic 
product  really  are,  and  to  compare  it  carefully  with  the  other  varieties 
of  manure  that  might  be  used  instead  of  it.  In  this  view,  I  have 
thought  it  worth  the  while  to  have  a  number  of  different  samples  of 
wood-ashes  subjected  to  analysis  for  the  purpose  of  determining,  in  the 
first  plac^  what  are  the  average  amounts  of  potash  and  phosphoric  acid 
contained  in  ashes  such  as  are  produced  in  New  England.  If  these 
data  were  once  definitely  fixed,  the  fiirmer  would  be  in  so  far  better 
able  than  he  is  now  to  contrast  the  money  worth  of  ashes  with  that  of 
the  various  Stassfurt  salts  and  the  other  potassic  JPertilizers. 

The  kinds  of  ashes  examined,  and  their  sources,  will  appear  from  the 
following  list.  The  numbers  in  the  list  correspond  with  those  in  the 
first  column  of  the  table  of  analytic  results :  — 

Description  of  the  Samples  of  Ashes. 

No.  I.  From  a  barrel  of  '* household  ashes''  taken  from  a  soap- 
boiler's store  at  Southbridge,  Mass.,  in  April,  1873.  The  soapboiler 
*'  collectf  his  ashes  from  different  families  in  and  around  the  village, 
and  the  wood  usually  burned  in  this  locality  may  be  taken  as  about 
one  half  maple,  one  quarter  white  and  red  oak,  and  one  quarter  white 
pine." 

II.  From  another  barrel  of  household  ashes,  obtained  from  the  South- 
bridge  soapboiler,  in  April,  1874. 

lU.  From  a  hot-air  furnace  in  the  house  of  Dr.  George  Derby,  Bos- 
ton. The  furnace, was  fed  with  hard  wood,  a  mixture  of  beech,  bitch, 
and  maple,  brought  from  St  Mary's  Bay,  Bear  River,  Comwallis,  Nova 
Scotia. 
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lY.  Taken  from  a  bin  in  the  house  of  the  Rev.  J.  Freeman  Clarkef 
Jamaica  Plain.  The  ashes  came  from  a  hot-aii:  famace  and  open  fire- 
places fed  -with  hard  wood,  chiefly  oak,  from  West  Dedham,  Mass. 

v.  From  open  fires  in  the  house  of  J.  Elliot  Cabot,  Esq.,  Brookline, 
Mass.  **  The  wood  burnt  was  mostly  red  oak,  with  a  little  soft  maple, 
and  perhaps  a  very  little  hickory." 

VI.  From  a  hot-air  furnace  fed  with  rock-maple  wood  (Acer  gacckan- 
num)^  in  the  house  of  the  Rey.  W.  O.  White,  Eeene,  N.  H. 

YII.  From  an  iron  store  in  the  house  of  Mr.  S.  S.  Taylor,  Dan- 
stable,  Mass.     The  wood  burnt  was  maple  and  apple. 

YIII.  Beech-wood  ashes  from  an  iron  stove  in  Monadnock  Hotel, 
Troy,  N.  H. 

IX.  From  an  iron  store  in  house  of  Mr.  Samuel  Cunningham,  Rock- 
ford,  Wionebago  Co,,  Illinois.  The  store  was  fed  with  dry  pin-oak 
(Quereus  palustris)^  — the  trunks  of  trees  from  four  to  eight  inches  in 
diameter. 

X.  From  an  iron  store  in  house  of  Mr.  John  Smith,  Rockford,  Illi- 
nois. This  store  was  fed  with  green  pin-oak,  from  trees  similar  to  those 
described  in  No.  IX. 

XI.  From  Louis  Cabot,  Esq.,  Manchester,  Mass.  The  fire  was  fed 
with  the  trunks  of  old  apple-trees.  These  ashes  contained  neither  iron 
nor  alumina.    The  sample  was  particularly  white  and  clean. 

XII.  From  Mr.  F.  H.  Appleton's  Broadfield  Farm,  West  Peabody, 
Mass.     Pitch-pine  wood  (Pinus  rigidd)  burnt  in  an  iron  cooking  store. 

Xm.  From  a  farm-house  fire  in  Ipswich,  Essex  Co.,  Mass.,  fed  with 
Alder  wood  {Alnus  incand), 

w 

It  will  be  obserred  that  none  of  the  analyses  recorded  in  the  following 
table  are  **  complete."  No  attempt  has  been  made  in  any  instance  to 
estimate  the  lime,  magnesia,  or  iron,  or  the  sulphuric  and  sUicic  adds 
that  are  always  contained  in  wood-ashes,  or  the  soda  and  manganese  that 
sometimes  occur  in  them.  I  hare  confined  my  attention  entirely  to  those 
constituents  of  ashes,  riz. ,  potash  and  phosphoric  acid,  that  hare  espe- 
cial interest  for  the  farmer,  because  of  their  money  ralue.  It  will  be 
noticed,  moreorer,  that  the  percentage  amounts  of  these  constituents  as 
giren  below  refer  directly  to  real  ashes  in  the  condition  in  which  they 
were  taken  from  household  fires,  —  excepting  only  that  the  lumps  of 
charcoal  were  sifted  out.  In  case  any  one  should  wish  to  know  how 
much  lime,  magnesia,  or  other  of  the  commercially  speaking  unimpor- 
tant ingredients  of  wood-ashes  are  contained  in  any  giren  sample  of 
ashes,  that  information  may  readily  be  got,  with  sufficient  accuracy  for 
most  practical  purposes,  from  the  tables  of  Professor  Wolff  (cited  in 
Johnson's  **  How  Crops  Grow,"  New  York.  1868,  p.  879).  It  is  to 
be  .remarked,  howerer,  that  Professor  Wolff's  table  baring  been  con- 
structed for  another  purpose,  the  figures  differ  from  those  giren  in  this 
article,  inasmuoh  as  they  do  not  refer  to  actual  ashes  such  as  are  bought 
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and  sold  and  applied  to  land,  but  to  an  ideal  product  obtained  by  snb- 
tracting  from  the  ashes  really  examined  certain  of  their  so-called  acci- 
dental or  yariable  constituents ;  namely,  carbonic  acid,  sand,  charcoal, 
and  oxide  of  iron.  Since  these  constituents  usually  amount  to  as  much 
as  a  quarter  or  even  a  third  part  of  the  entire  weight  of  fine  sifted  ashes, 
an  allowance  must  be  made  for  them  upon  the  figures  given  by  Wolff. 
For  ordinary  ashes  (obtained  from  wood),  a  rough  approximation  to  the 
truth  may  be  made  by  taking  ^  (or  better,  ^)  of  the  figures  in  Wolff's 
table;  or  a  more  accurate  calculation  may  be  made  by  taking  as  the 
denominator  of  the  above  fraction  the  difference  between  100  and  the 
amount  of  *'  carbonic  acid,  sand,  and  charcoal "  that  has  been  actually 
found  by  analysts  of  the  ashes  of  the  particular  kind  of  wood,  bark, 
leaf,  or  fruit  that  happens  to  be  in  question,  as  given  in  the  table  on 


Table  of  Analytic  Results, 


No.  of 
the  Spedmen. 


In  100  parts  by  weight  of  the  aahee,  there  were  foood  parts  of 


Beal  Potash. 
KsO. 


I  .    . 


ni 

IV 
V. 


VI    . 

vn  . 
vm. 

IX.  . 

X.  . 


XI 


xm 


I 


6.28   ) 
6.46   ) 

6.05. 


(  10.68   ) 
\  10.10   5 


8.47 


8.64 


8.77. 
8.87  . 


9.48. 
9.04. 
7.88. 

9.09. 


10.88 
6.77 


Carbonic  Add. 
COf. 


Sand 
and  Charcoal. 


26.42 


21.92 
80.74 
28.74 


28.42 
20.87 

28.80 


6.90 


14.07 


7.81 


.  U9. 


.  11.91 
6.14 
2. 
2.70 


5    2.77  *) 
\    2.70   5 


Phosphoric  Add. 
PiOft. 


1 


\ 


{ 


8.16* 

8.18 

8.87 

2.99* 

1.62 

1.66 

1.40 

1.66 

2.49 

1.65 

2.04 

1.76 

2.80 

2.20 

0.68 

0.48 

0.41 

8.75 

4.58 

2.27 


*  The  comparatlrelj  large  amount  of  phoephorie  add  foond  In  the  samples  marked 
-wltfa  an  asterisk  Is  ftally  explained  by  the  fiust  that  the  barrels  of  ashes  from  which  these 

iples  were  taken  contained  nomeroos  pieces  of  burnt  bone.  Since  these  bits  of  bone 
rery  friable,  small  flragments  of  them  ondoubtedly  passed  through  the  siere  into  the 
line  ashes  taken  for  analysisi  It  is  no  matter  for  surprise  that  bones  should  thus  be  found 
In  ashes  that  had  been  oollected  fh>m  house  to  house,  like  these  that  were  obtained  flrom 
the  soapboiler;  for,  as  is  well  known,  In  many  flunHIes  the  stove  or  iire-place  is  the  re- 
oeptade  of  all  Unds  of  rubbish,  especially  that  which  is  in  the  least  degree  combustible. 
^shes  thus  charged  with  bone  earth  would,  of  course,  be  more  ralnable  for  some  soils  than 
those  to  which  no  bones  have  been  added.  The  bones  can  readily  be  detected  by  throw* 
teg  a  fow  haadfals  of  the  ashes  upon  a  not  too  ooarte  rienro. 
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page  207.  For  example,  Wolff's  table  gives  the  proportion  of  lime  in 
birch-wood  ashes  as  60%.  But  as  appears  from  the  table  on  page  207, 
ashes  from  birch  wood  contain  on  the  average  aboat  28%  of  carbonic  add, 
sand,  and  charcoal,  and  consequently  about  72%  of  ash  that  is  free  from 
those  substances.  But  -f^  of  60  =  43,  or  thereabouts  ;  and  this  number 
probably  represents  very  nearly  the  average  amount  of  lime  that  actually 
exists  in  sifted  birch  ashes. 


MXTHODS  OF  AKALT8I8. 

Care  was  taken  in  every  instance  to  draw  an  average  sample  of  the 
ashes  from  the  bin  or  barrel  that  contained  them,  llie  rough  sample 
thus  taken  was  sifted  through  a  sieve  carrying  twelve  meshes  to  the 
linear  inch,*  and  the  fine  powder,  thoroughly  mixed,  was  kept  in  a  tight 
bottle.  All  the  samples  examined  were  completely  dry  in  the  ordinary 
acceptation  of  the  term,  but  none  of  them  were  subjected  to  any  pro- 
cess of  drying  in  the  laboratory,  excepting  the  samples  to  be  mentioned 
directly,  in  which  the  amount  of  hygroscopic  moisture  was  estimated. 
The  portions  weighed  out  for  analysis  were  purposely  taken  as  nearly 
as  possible  in  their  natural  condition.  Except  for  the  sifting,  which 
was  absolutely  necessary  to  ensure  a  certain  degree  of  uniformity  in 
each  sample,  the  ashes  analyzed  differed  in  no  respect  from  those  of 
every-day  life.  The  amount  of  hygroscopic  moisture  contained  in  most 
of  tiie  samples  was  very  small,     l^us  a  weighed  portion  of  No.  UL 

*  Only  a  very  small  proportion  of  the  original  ashes  was  left  upon  the  sieve 
in  most  instances.  Even  the  mixed  ashes  from  the  soapboHer  gave  a  compara- 
tively  small  volume  of  coarse  material.  The  siftings  were,  however,  rather 
heavy  in  that  case,  beca.ase  of  the  presence  of  nails  and  particles  of  gravel 
Besides  charcoal  and  bits  of  half-burnt  wood,  the  sieve  removed  from  the  soap- 
boiler's ashes  many  iron  nails,  fragments  of  glass,  and  pieces  of  bone,  with 
here  and  there  a  broken  tobacco-pipe,  and  a  bit  of  crockery  ware,  brick,  or 
stone. 

In  order  to  gain  some  idea  of  the  amount  of  matter  separated  by  the  sieve, 
a  number  of  two-pound  samples,  taken  ftt>m  different  parts  of  one  of  the  barrels 
of  ashes  obtained  from  the  Sonthbridge  soapboiler,  were  carefriUy  sifted,  and 
the  weights  of  the  residues  left  in  each  instance  were  noted.  The  results  were 
as  follows :  Eight  separate  portions,  of  1000  grammes  each,  taken  from  the  upper 
third  of  the  barrel,  gave,  respectively,  grammes  of  coarse  material,  126 ;  148 ; 
148;  156;  149;  168;  190,  and  170.  (Mean  of  the  eight  trials:  154  grammes, 
or  16.4%.) 

Five  portions,  of  1000  grammes  each,  taken  from  the  middle  part  of  the  hu- 
rel,  gave  grammes  of  coarse  material,  187 ;  196 ;  168 ;  188,  and  166.  (Mean  of 
the  five  trials  :  181  grammes,  or  18.1%. ) 

Five  portions,  of  1000  grammes  each,  taken  from  the  lower  thfrd  of  the  lMa>> 
rel,  gave  grammes  of  coarse  material,  201 ;  150;  180;  167,  and  160.  (Mean  of 
the  five  trials :  169  grammes,  or  16.9%.) 
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lort  0.87%  of  moisture  on  being  dried  at  212^,  and  No.  lY.  lost  0.51%. 
Sample  No.  I.,  obtained  from  a  soapboiler's  stock,  gave  off  2^%  of 
mobtore. 

For  the  estimation  of  potash^  five  grammes  or  thereabouts  of  the  ashes 
were  digested  for  half  an  hour  or  more,  with  concentrated  nitric  acid  in  a 
covered  beaker.  The  liquor  was  diluted  with  water,  thrown  upon  a  filter, 
and  the  insoluble  sand  and  charcoal  carefully  washed  with  hot  water. 
The  filtrate  was  evaporated  nearly  to  dryness  in  a  small  porcelain  dish, 
and  thoroughly  mixed  with  a  solution  of  ferric  nitrate.  The  evaporation 
was  then  pushed  to  dryness,  and  the  capsule  placed  upon  a  wire  tripod  in 
a  small  iron  pot  which  was  heated  in  accordance  witl\  Deville's  direc- 
tions,* until  the  excess  of  nitrate  of  iron  was  completely  decomposed. 
The  residue  was  treated  with  hot  water,  filtered,  and  the  filtrate  and 
wash-water,  acidulated  with  chlorhydric  acid,  were  evaporated  to  dry- 
ness in  a  porcelain  dish.  The  dry  residue  was  drenched  with  strong 
chlorhydric  add ,  and  the  contents  of  the  dish  were  again  evaporated  to 
dryness  to  destroy  the  nitric  acid,  this  operation  being  repeated  until  no 
trace  of  chlorine  could  be  detected,  by  means  of  iodo-starch  paper,  in  the 
fumes  arising  from  the  di«h.  The  residue,  freed  from  nitrates,  was  acid- 
ulated with  chlorhydric  acid,  and  treated  with  as  small  a  quantity  of 
highly  dilute  chloride  of  barium  solution  as  was  sufficient  to  precipitate 
all  the  sulphuric  acid,  and  in  the  filtrate  from  the  sulphate  of  baryta  the 
potassium  Was  determined,  as  chloroplatinate,  by  Stohmann's  process,  as 
described  in  Fresenius's  Zeitschrift  fur  analytische  Chemie,  5.  SOT.f 

For  estimating  the  phosphoric  acid,  the  process  ordinarily  employed 
was  as  follows  :  Five  grammes  or  so  of  the  ashes  were  digested  for 
half  an  hour  or  more  with  strong  chlorhydric  acid  in  a  covered  beaker, 
and  the  mixture  was  evaporated  to  absolute  dryness  upon  a  water  bath 
to  render  the  silica  insoluble.  The  dry  residue,  which  contained  sand 
and  charcoal,  as  well  as  silica,  was  moistened  with  strong  chlorhydric  acid 
in  the  usual  way,  then  treated  with  hot  water,  filtered,  and  washed.  In 
the  filtrate,  phosphate  of  iron  was  thrown  down  by  means  of  ammonia 

*  Fretenius's  "  QoantiUtive  Analysifl/'  New  York  edition  of  1871,  p.  862.  §  88. 

t  Considerable  experience  with  Stohmann's  procesi  enables  me  to  say  that 
it  succeeds  well  in  practised  bands.  It  is  of  the  first  importance,  howerer,  that 
the  least  possible  excess  of  chloride  of  barium  shall  be  used  in  precipitating  the 
sulphuric  add ;  for,  under  the  conditions  which  obtain  in  an  actual  analysis,  it 
may  happen  that  the  union  of  chloride  of  barium  and  bichloride  of  platinum 
to  form  the  soluble  chloroplatinate  of  barium,  upon  which  the  success  of  the 
operation  depends,  will  be  incomplete,  no  matter  how  large  an  excess  of  free 
chloride  of  platinum  is  present.  In  that  event,  the  chloroplatinate  of  potassium 
is  con|aminated  with  crystals  of  hydrated  chloride  of  barium  insoluble  in  alco- 
hol, which,  being  somewhat  lighter  than  the  true  precipitate,  collect  upon  its 
•urfacA  as  a  white,  slimy  powder.  I  have  noticed  that  beginners  almost  invari- 
ably encounter  this  difficulty,  and  that  it  can  usually  be  overcome  by  the  exer* 
cise  of  special  care  in  adding  the  chloride  of  barium. 
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in  pretence  of  acetic  acid,  in  the  nsual  way  ;  and  in  the  filtrate  from  (lie 
ferric  phosphate,  the  rest  of  the  phosphoric  acid  was  estimated  hy  mesos 
of  a  standard  solution  of  acetate  of  uranium.*  This  process,  though 
not  absolutely  accurate  when  employed  for  the  analysis  of  products  ILahle 
to  contain  alumina,  wa^  deemed  sufficient  for  the  purposes  of  this  re- 
search, and  has  in  fact  improved  itself  to  be  so.  It  will  be  noticed  that, 
besides  a  tendency  on  the  part  of  the  operator  to  add  a  little  too  much 
of  the  uranium  salt  in  the  process  of  titration,  the  error  most  likely  to 
occur  in  applying  this  process  to  the  analysb  of  wood*ashes  is  that  due 
to  the  presence  in  the  ashes  of  more  or  less  alumina  derived  from  earth 
that  had  adhered  to  the  wood  from  which  the  ashes  were  produced.  One, 
certainly,  and  probably  both  of  these  sources  of  error,  would  tend  to  in- 
dicate more  phosphoric  acid  than  was  actually  contained  in  the  specimens 
of  ashes  under  examination  rather  than  less.  The  alumina  would  be 
thrown  down  in  the  form  of  a  phosphate,  together  with  the  phosphate  of 
iron,  and  would  be  weighed  and  computed  as  if  the  entire  precipitate 
were  Fe^O,,  P^  O^.  But  while  a  gramme  of  normal  phosphate  of  iron 
contains  0.47  grm.  of  phosphoric  acid,  a  gramme  of  Al  ^O^  P^Of,  in  which 
form  the  alumina  is  probably  precipitated,  contains  0.58  grm.  of  P^O^. 

As  will  be  seen  directly,  the  amounts  of  phosphoric  add  found  in 'the 
ashes  were  unexpectedly  small.  In  order  therefore  to  make  sure  that  the 
results  obtained  by  the  foregoing  method  were  correct,  other  processes  of 
analysis  were  resorted  to.  Thus,  for  the  sake  of  controlling  the  first  set 
of  results,  the  phosphoric  acid  was  estimated  in  samples  Nos.  I.  and  XL 
by  precipitating  and  weighing  the  whole  of  it  as  a  highly  basic  phos- 
phate of  iron, 'after  Fresenius's  **  Quantitative  Analysb,"  New  York 
edition  of  1871,  p.  278,  and  determining  the  amount  of  iron  in  the  pre- 
cipitate by  titrating  with  permanganate  of  potash.  These  estimations 
were  made,  many  weeks  after  those  of  the  first  set,  by  another  analyst,! 
who  had  no  knowledge  as  to  the  amounts  Qi  phosphoric  acid  that  had 
been  found  by  his  predecessor,  and  who  was  moreover  perfectiy  familiar 
with  the  iron  process.  There  was  found  by  the  iron  process  3.87^  of 
PsOft  in  No.  I.,  and  0.41^  in  No.  XI., in  the  samples  from  which  the  first 
operator,  using  uranium,  had  got  8.16^  and  0.48^  respectively.  The 
agreement  between  these  results  is  complete,  since  the  soapboiler's  ashes 
(No.  I.)  unquestionably  contained  a  little  alumina,  all  of  which  would 
necessarily  be  counted  as  phosphoric  acid  in  the  estimation  by  the  iron 
process.  Sample  No.  XI.,  on  the  other  hand,  contained  no  alumina,  as 
has  been  already  remarked. 

*  The  value  of  the  uranium  solution  was  determined  by  means  of  port 
diphosphate  of  soda  that  had  been  dried  at  lOOo  C.  Phosphate  of  soda  thus  dried 
is  a  compound  of  perfectly  constant  composition  (2  Ns^O*  H^O,  T%0^),  that  csn 
be  weighed  without  the  least  trouble,  or  risk  of  alteration. 

t  My  astisUnt,  Mr.  W.  T.  Leman.  For  the  first  let  of  determinations,  and 
for  most  of  the  other  analytical  work,  I  am  indebted  to  my  assistant,  Mr.  Jsmet 
A.  Bestley. 
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In  sample  No.  m.  the  second  analyst,  Mr.  Leman,  estimated  the 
phosphoiio  acid  by  precipitating  with  molybdate  of  ammonia,*  from  a 
nitric  add  solution  of  the  ashes,  after  silica,  sand,  and  charcoal  had  been 
eliminated.  Ignorant,  as  before,  of  the  result  (1 .62%)  previously  obtained, 
he  found  1.56%  of  phosphoric  acid.  This  evidence  was  conclusive  as  to 
the  general  accuracy  of  the  uranium  process.  Still  it  was  not  impossi- 
ble that  a  part  of  the  phosphoric  acid  in  the  ashes  might  be  in  the  condi- 
ti<m  of  some  other  modification  than  the  ordinary  tribasic  variety,  in 
which  event  a  part  of  it  would  not  be  precipitated  by  the  reagents  em- 
ployed in  the  processes  that  have  been  described  thus  far.  Several  quali- 
tative trials,  made  with  different  samples  of  ashes,  and  by  various 
IMrooesses  to  test  this  idea,  gave  no  reactions  other  than  those  of  the  tri- 
basic phosphate.  A  quantitative  estimation  of  the  phosphoric  acid  in 
sample  No.  lU.  was  made  also  after  the  material  had  been  subjected  to 
treatment  which  should  convert  any  pyro-  or  meta-phosphate  tiie  ashes 
might  contain  into  the  ordinary  phosphate.  The  silica,  sand,  and  charcoal 
having  been  separated  in  the  manner  above  described,  the  dry  residue 
obtained  on  evaporating  the  filtrate  was  fused  with  a  mixture  of  carbonate 
of  soda  and  chlorate  of  potash,  f  and  the  phosphoric  acid,  estimated  as 
usual  by  means  of  a  standard  uranium  solution,  after  separsktion  and 
collection  of  the  phosphate  of  iron.  There  was  found  1.40^  of  phos- 
phoric acid,  or  rather  less  than  before. 

Finally,  samples  Nos.  Y.  and  XII.,  in  which  exceptionally  large  amounts 
of  phosphoric  acid  had  been  indicated  by  the  usual  uranium 'process,  were 
precipitated  anew  by  means  of  molybdate  of  ammonia,  after  the  silica, 
sand,  and  charcoal  had  been  separated,  and  the  dried  residue  of  the  filtrate 
therefrom  had  been  fused  with  carbonate  of  soda  and  chlorate  of  potash. 
There  was  found  in  No.  Y.  1.55^  of  phosphoric  acid;  i.e.,  decidedly  less 
than  by  the  uranium  process,  and  in  No.  XII.  4.58^  or  almost  one  per 
cent  more  than  had  been  indicated  by  the  uranium  method.  As  regards 
Ko.  XII.  the  discrepancy  is  doubtless  due  to  the  circumstance  that  this 
particular  sample  of  ashes  was  so  little  homogeneous  that  the  portions  of 
material  taken  for  analysis  by  the  different  operators  could  hardly  have 
been  of  like  composition.  In  point  of  fact  the  pitch-pine  ashes  were 
highly  charged  with  silicious  sand  in  grains  of  the  most  diverse  sizes. 
The  peculiarly  coarse,  rough  bark  of  the  pitch-pine  is  well  adapted  to 
catch  and  hold  considerable  quantities  of  sand  and  earth,  even  when  the 
trees  are  standing.  The  large  amount  of  phosphoric  acid  found  in  No. 
Xn.  may  be  clue  either  to  the  large  proportion  of  bark  which  belongs 
to  pitch-pine  wood,  and  which  is  probably  richer  in  phosphoric  acid  than 
the  wood,  or  possibly  to  the  burning  of  pine  cones  in  conjunction  with 
the  wood.     Perhaps  the  peculiar  manner  in  which  the  wood  in  question 

*  After  Fresenius's  *'  QuantitatiTe  Analysis/'  New  York  edition  of  1871, 
p.  271. 

t  After  Gilbert,  Fretenius's  *' Zeitschrift  fUr  analytiscbe  Chemle/'  1878«  13.  & 
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bums  may  have  had  some  influence  upon  the  amount  of  phoephoric  acid 
in  the  ashes.  As  is  well  known,  the  combustion  of  pitch-pine  wood  ii 
difficult  after  the  first  flaming  due  to  the  distillation  of  the  resinous 
matters  that  is  contained  in  the  wood.  The  wood  itself  smoulders  away 
slowly  without  evolving  much  heat.  The  ashes  numbered  V.  contained 
a  noteworthy  amount  of  manganese,  which  undoubtedly  vitiated  the  re- 
sults obtained  by  the  uranium  process.  It  was  noticed  from  the  first  thsfc 
this  sample  of  ashes  evolved  chlorine  on  being  heated  with  chlorhydric 
acid,  and  that  during  the  fusion  with  chlorate  of  potash  a  very  con8ide^ 
able  quantity  of  manganese  oxide  separated  out. 

The  carbonic  acid  set  free  from  8  or  4  grms.  of  the  ashes,  by  means  of 
diluted  chlorhydric  acid,  was  collected  in  potash  bulbs  and  sodarlime  tubes, 
and  weighed,  as  such,  after  Kolbe.*  To  estimate  the  sand  and  charcoal 
5  grm.  samples  of  the  ashes  were  treated  wiUi  a  cold  mixture  of  equal 
volumes  of  concentrated  chlorhydric  acid  and  water,  and  the  mixture 
was  filtered  rapidly  as  soon  as  the  action  of  the  acid  upon  the  ashes 
seemed  to  have  ceased. 

The  average  amount  of  potash  (about  8^  per  cent)  found  in  the 
foregoing  samples  of  wood-ashes  from  domestic  fires,  agrees  tolerably 
well  on  the  whole  with  the  results  of  previous  analysts,  and  with  the 
practical  experience  of  potash-makers,  though  it  is  rather  less  than 
might  perhaps  have  been  expected  from  a  comparison  of  the  best 
analysesUhat  have  been  carried  out  hitherto  from  the  purely  scientific 
point  of  view.f 

But  with  regard  to  phosphoric  add  there  are  noteworthy  differences 
between  the  results  recorded  in  the  table  above  and  those  that  have 
been  obtained  previously  by  chemists.  With  a  single  exception, 
decidedly  less  phosphoric  acid  has  been  found  in  the  samples  of  house- 
hold ashes  examined  in  this  laboratory  than  has  hitherto  been  sup- 
posed to  exist  in  wood-ashes.  I  have  searched  with  some  care  for 
published  determinations  that  should  corroborate  those  given  above, 
but  have  found  very  few  such.  |     Some  of  the  results  of  this  search 

*  FresenioB's  "  Quantitative  Analysis/'  p.  294. 

t  Compare  the  table  on  page  207. 

I  The  few  analyses  of  commercial  ashes  that  have  been  published  hitherto 
agree,  tolerably  well  with  my  own  results.  Thus  Heiden.  in  his  **  Dfin^rerlehre," 
%2Sl,  reports  that  a  sample  of  fir  ashes,  bought  and  analyzed  by  him,  contiuned 
8.16%  of  potash,  20.72%  of  carbonic  acid,  81.24%  of  sand  and  charooai,  and 
2.42%  of  phosphoric  acid.  Th.  Dietrich  (HofEmann's  "  Jahresbericht,"  1867, 
10.207)  found  6.6%  of  potash  and  8.1%  of  phosphoric  acid  in  a  sample  taken 
from  a  large  quantity  of  ashes,  mostly  from  beech-wood,  that  had  been  bought 
up  from  house  to  house;  and  Wicke  (Hofflnann's  *'Jahr6abericht,"  as  just 
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ftre  given  in  the  table  on  page  207.  A  glance  at  the  figures  of  that 
table  will  show  how  small  the  average  proportion  of  phosphoric  acid 
in  the  New-England  ashes  really  is,  see  page  193,  as  compared  with 
what  we  have  hitherto  had  reason  to  believe. 

From  the  statement  of  the  actual  analytical  work  that  has  been 
given  already,  it  will  be  seen  that  pains  were  taken  to  control  the  esti- 
mations of  phosphoric  acid  in  such  manner  that  the  fact  of  the  small 
proportion  of  this  substance  in  household  ashes  should  be  established 
beyond  all  chance  of  doubt.  On  the  other  hand,  1  have  satisfied 
myself  by  a  critical  examination  of  many  of  the  analyses  reported  by 
previous  observers  that  their  results  also  are  generally  correct.  There 
is  no  occasion  to  doubt  that  carefully  prepared  samples  of  wood-ashes 
really  contain  as  much  phosphoric  acid  as  the  published  analyses  have 
indicated. 

The  reason  why  there  is  less  phosphoric  acid  in  ashes  obtained  fi*om 
domestic  fires  than  in  ashes  that  have  been  made  on  purpose  for  analy- 
sis, doubtless  depends  upon  the  circumstaiice  that  the  household  ashes 
have  not  been  ^  carefully  prepared.''  It  is  plain  that  when  wood  is 
burnt  in  an  ordinary  stove  or  fireplace,  for  the  sake  of  evolving  heat, 
some  part  of  the  phosphorus  compoimds  in  the  wood  must  inevitably 
be  exposed  to  conditions  that  are  uufiivorable  for  the  retention  of 
phosphates  in  the  ashes.  There  can  hardly  fail  to  be  conditions  in 
some  parts  of  the  fire  that  are  favorable  for  the  destruction  of  phos- 
phates, either  by  simple  removal  of  oxygen  by  hot  carbon  or  carbonic 
oxide,  as  in  that  process  of  making  phosphorus  where  an  acid  phos- 
phate is  heated  with  charcoal,  or  by  the  combined  action  of  silica  and 
carbon,  as  in  Woehler's  method  of  preparing  phosphorus. 

It  was  pointed  out  long  ago  by  John  *  that  the  phosphates  contained 
in  plants  might  be  partially  decomposed  by  the  action  of  carbon  in  the 
preparation  of  ashes.    At  a  later  period,  Erdmann  f  was  at  pains  to 

cited)  fbiiDd  6.55%  potash.  2.84%  phosphoric  acid,  16.79%  carbonic  acid,  and 
84.80%  ot  sand,  claj,  and  cliarcoal  in  the  fine  part  of  a  sample  of  commercial 
asbet  that  seemed  to  him  to  be  rery  impure.  The  original  ashes^from  which 
those  analysed  by  Wicke  were  sifted  left  84.85%  of  charcoal  and  other  coarse 
laaierials  upon  tlte  sieve.  These  three  samples  were  from  different  parts  of 
Germany. 

*  In  his  "  Em&hning  der  Pflanzen,"  Berlin,  1819,  pp.  152,  158.  , 
t  "  Annalen  Chemie  und  Pharroacie,"  1845, 54. 858 ;  farther  "  Journal  fiir 
praktische  Chemie,"  3L  17  and  39. 276. 
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show  that,  in  preparing  ashes  for  analysis,  some  phosphonis  will  be  lost, 
by  way  of  volatilization,  unless  an  abundant  supply  of  ur  is  kept 
oonstantlj  in  contact  with  the  carbonized  vegetable  matter,  when  it 
comes  to  be  ignited.  The  risk  of  losing  phosphorus  in  this  way  has 
been  adnutted,  and  dwelt  upon  by  H.  Rose,  Strecker,  Wolff,  and  other 
chemists  who  have  had  to  do  with  ash  analysis.  Rose,*  in  particalar, 
has  shown,  by  direct  experiment,  that  much  phosphoric  acid  may  be 
lost,  by  way  of  volatilization,  when  charcoal  that  contains  an  alkaline 
phosphate  is  calcined. 

Schloesing  f  has  even  gone  so  far  as  to  base  a  method  for  the  quan- 
titative estimation  of  phosphorus  upon  the  &ct  that  the  whole  of 
this  substance  can  be  expelled  from  phosphate  of  lime,  phosphate 
of  magnesia,  and  the  allied  phosphates,  by  heating  an  intimate  mix- 
ture of  the  phosphate  and  silica  white-hot  in  a  current  of  carbonic 
oxide. 

Braconnot  t  noticed,  further,  that  soot  from  wood  fires  contains  an 
appreciable  quantity  of  phosphoric  add.  In  a  sample  of  soft,  pulveru- 
lent soot,  taken  from  the  middle  of  a  chinmey,  he  found  nearly  three- 
quarters  of  one  per  cent  of  phosphoric  add. 

As  a  matter  of  ^t,  when  reducing  wood  or  any  other  vegetable 
matter  to  ashes,  with  the  view  of  analyzing  the  latter,  chemists  hafe 
long  recognized  the  necessity  of  operating  upon  small  quantities  of  the 
material  at  comparatively  low  temperatures,  and  under  such  conditions 
that  there  shall  be  free  access  of  air,  in  order  to  avoid,  in  so  &r  as  may 
be  practicable,  the  redudng  action  of  the  organic  matter.  It  is  not 
impossible,  for  that  matter,  that  some  phosphorus  may  be  lost  in  com- 
bination with  hydrogen  during  the  process  of  distillation,  to  whidi,  in 
every  fire,  some  part  of  the  fuel  is  necessarily  expo8ed.§ 

Besides  the  waste,  by  way  of  volatilization,  a  certain  amount  of  phos- 
phorus is  undoubtedly  lost  in  the  form  of  a  compound,  insoluble  in  acids, 
that  remains  with  the  t'  sand  and  charcoal,''  in  an  ordinary  analysis.  1 
find  that  phosphoric  acid  can  readily  be  detected  in  the  mixtures  of  sand 
and  charcoal  from  household  ashes  that  have  resisted  the  action  of  strong 
chlorhydiic  add.    This  observation  is  in  accord  with  the  experience  of  H. 

*  PoggendorTs  <*  Annalen/'  1860,  79.  pp.  421, 422.    Compare  ibid.,  70. 88i 
t  Liebig  &  Kopp's  "  Jahresbericht,"  1864, 17. 692,  from  "  Comptes  Rendni," 
09. 884.         . 

I  "  Annales  de  Chimie  et  de  Physique,"  1826,  3L  87. 

§  Ckmipare  Violette,  "  Annalei  de  Chimie  et  de  Physique,"  1861,  33. 882. 
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Rose,*  who  proved  by  numeroas  experiments  that  charcoal,  prepared 
eren  at  low  temperatures,  from  vegetable  and  animal  matters,  rich  in 
phosphorus,  always  retains  a  certain  amount  of  a  phosphorus  compound 
that  is  insoluble  in  acids.  We  are  ignorant  as  to  the  precise  character  of 
the  insoluble  compound  or  compounds  thus  left  with  the  charcoal.  None 
of  them  have  ever  been  isolated.  But  in  the  case  of  wood-ashes,  such  as 
have  here  been  examined,  there  are  grounds  for  believing  that  a  part  at 
least  of  the  insoluble  matter  may  be  phosphide  of  iron,  or  some  other 
metallic  phosphide. 

There  sJe  many  instances  on  record  of  the  ease  with  which  phosphates 
are  reduced  to  phosphides  under  conditions  such  as  are  probably  to  be 
found  in  some  parts  of  almost  every  domestic  fire  where  the  ashes  are 
strongly  heated  in  contact  with  the  particles  of  carbon  with  which  they 
are  admixed,  or  in  an  atmosphere  of  carbonic  oxide  or  of  carburetted 
hydrogen.  One  of  the  commonest  methods  employed  by  chemists  for 
preparing  metallic  phosphides,  is  to  ignite  a  quantity  of  the  metal  or  of 
its  oxide  with  a  mixture  of  bone-black,  quartz-sand,  and  charcoal,  either 
with  or  without  an  alkaline  flux,  f  Phosphide  of  iron,  in  particular,  may 
be  readily  prepared,  after  Berzelius,  by  igniting  a  mixture  of  phosphate  of 
iron  and  lamp-black,  or  some  other  form  of  carbon.  It  is  a  fact  well  known 
to  metallurgists,  that  iron  and  phosphorus  combine  with  one  another  with 
special  ease  to  form  a  very  stable  phosphide.  When  iron-ores  that  are 
contaminated  with  phosphates  are  smelted,  all,  or  nearly  all,' the  phos- 
phorus that  was  contained  in  them,  as  well  as  that  contained  in  the  {uel, 
is  found  in  the  iron,  in  the  form  of  a  phosphide. ( 

I  have  myself  noticed  that  very  considerable  amounts  of  impure  phos- 
phide of  iron  may  be  produced  by  ignitfng  in  a  platinum  crucible  the 
mixed  precipitate  of  basic  acetate  and  phosphate  of  iron,  that  is  obtained 
in  the  ordinary  analytical  process  of  precipitating  phosphoric  acid  by  means 
of  a  ferric  salt  in  presence  of  free  acetic  acid.  In  employing  this  method  of 
analysis,  it  is  in  fact  an  essential  requisite  to  success  that  the  mixed  precip- 
itate of  ferric  phosphate  and  acetate  shall  not  be  ignited  directly.  The 
precipitate  must  be  dissolved  in  acid,  after  it  has  been  washed,  and  be 
reprecipitated  as  simple  phosphate  before  it  can  be  ignited  and  weighed. 
In  case  phosphide  of  iron  has  once  been  formed  within  the  mass  by  ignit- 
ing it  in  contact  with  the  ferric  acetate,  it  is  idle  to  attempt  to  oxidize  the 
phosphide,  either  by  long-continued  ignition  of  the  precipitate  in  the  air, 
or  by  repeatedly  drenching  it  with  nitric  acid.  The  inertness  and  persis- 
tence of  the  impure  phosphide  of  iron  formed  under  these  conditions  are 
remarkable.    It  resists  the  action  of  strong  adds,  like  the  phosphide  de- 

•  PoggendoriTs  "  Annalen,"  1847,  TO.  449;  1849,  T6.  806;  1860.  79.  898; 
W.94- 

t  Ckmipare  Berthier,  "  Traits  des  Essais  par  la  Yoie  S^he,''  1.  667,  and 
Gmelin'»  "  Handbook  of  Chemistry,"  ft.  222. 

t  Compare  Wagner's  "  Jahresbericht,"  6. 82  and  9. 4a. 

VOL.  I.  26 
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•cribed  by  Berzelios.  It  does  not  deoompose  on  being  heated  either  with 
nitric  acid,  with  nitrate  of  iron,  or  with  nitrate  of  ammonia.  On  ixuang 
it  with  bisulphate  of  soda  or  bisalphate  of  potash,  it  seems  to  be  scarcely 
at  all  acted  upon  at  first.  Only  after  repeated  fusions  with  the  bisu^hate 
does  it  wholly  disi^pear.  When  fused  repeatedly  with  fresh  portions  of 
a  mixture  of  borax  and  carbonate  of  soda  it  can  be  destroyed  somewhat 
more  rapidly,  especially  if  the  residue  left  by  each  fusion  be  heated  with 
strong  chlorhydric  acid.  It  is  not  strange  that  the  discoverers  of  the 
phosphide  mistook  it  for  a  new  metal. 

It  is  to  be  remarked  in  this  connection  that  Schloesing  found  his  pro- 
cess of  analysis,  described  above  on  page  200,  inapplicable  to  phosphate 
of  iron.  From  that  substance  he  could  not  expel  the  phosphorus  by  his 
process  of  heating  with  carbonic  oxide  and  silica. 

It  is  safe  to  assume  that  ainy  phosphide  of  iron  that  may  occur  in  wood- 
ashes  will  be  wholly  devoid  of  agricultural  value. 

Whatever  the  explanation  of  the  &ct  may  be,  the  loss  of  phosphoric 
acid  from  vegetable  matter  that  is  burnt  to  ashes  is  a  point  of  some 
significance  for  the  practical  fiairmer.  Not  only  does  it  appear  fi*om  the 
analyses  here  recorded,  that  wood-ashes  are  in  general  of  somewhat 
less  consequence  as  a  phosphatic  manure  than  had  been  supposed 
hitherto  ;-but  a  new  objection  to  the  use  of  fire  in  agriculture  may 
henceforth  be  urged.  It  is  now  plainer  than  ever  that  the  processes  of 
fermentation  and  decay  that  occur  in  the  oompost  heap  are  better  agents 
than  fire  for  the  reduction  of  ^arse  v^etable  matter  to  the  condition 
of  manure.  When  weeds,  clods,  chips,  and  brushwood  are  composted, 
it  is  not  only  their  nitrogen  that  is  saved  and  put  to  use,  but  the  whole 
of  the  phosphates  and  other  inorganic  matters  that  are  contained  in 
them.  ^ 

Nate  on  the  Phosphoric  Acid  m  Leached  Ashes, 

It  is  to  be  remarked,  with  regard  to  the  small  proportion  of  phosphoric 
acid  in  wood-ashes,  that  the  results  obtained  by  Profesiar  Johnson,*  of 
New  Haven,  in  his  recent  examination  of  leached  ashes,  such  as  are  obtain- 
able in  New  England,  go  to  corroborate  those  recorded  above.  Johnson 
analyzed  four  samples  of  leached  ashes  ;  viz..  No.  I.  a  sample  taken  by 
himself  from  a  large  heap  of  leached  ashes  at  an  *'  ashery  "  at  Deer 
River,  Lewiston,  New  York.  Nos.  II.  and  III.  from  separate  cargoes  of 
leached  ashes  brought  from  Canada,  the  first  in  1863,  and  the  last  in 
1873,  and  No.  IV.  from  a  soapboiler's  in  New  Haven  ;  this  last  had 
been  adulterated  with  coal-ashes. 


♦  "New  York  Druggists'  Circular,"  Dec.  1878,  p.  202;  ftrom  a  "Report  to 
the  Connecticut  State  Board  of  Agriculture.' 
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Assuming,  for  the  sake  of  comparison,  that  all  the  samples  contained 
85  per  cent  of  water,  which  was  the  amount  found  in  those  from  the 
Canadian  cargo  No.  III.,  the  results  of  the  analyses  may  he  stated  as 
follows :  — 

I. 

Potash 0.8 

Soda 0.2 

Lime 29.7 

Magnesia 3.4 

Oxides  of  iron,  manganese,  and  aluminum  0.8 

Pliosphoric  acid 1.8 

Sulphuric  add none 

Silica,  soluble  in  alkali 2.6 

Carbonic  acid     . 19.9 

Coal 0.8 

Sand  and  soil 5.5 

Water 35.0 


Carbonate  of  lime 


100.0 
53. 


11. 

III. 

IV. 

2.8 

none 

0.7) 
none) 

0.9 

28.1 

28.2 

21.8 

8.3 

2.9 

4.1 

1.7 

1.5 

2.7 

1.8 

1.4 

LI 

0.2 

0.1 

0.1 

2.8 

2.8 

8.9 

18.2 

17.1 

20.2 

8.3 
4.8 

.5.0  7* 
10.81 

26.8 

85.0 

85.0 

85.0 

100.0 

100.0 

100.0 

50.' 

42. 

88. 

These  resalts  accord  very  nearly  with  an  analysis  made  twenty  years 
ago  by  Otto  Stein,*  of  leached  ashes  from  a  soapboiler's  at  HeUbronn 
in  Germany.  These  leached  ashes  were  largely  used  as  a  manure  by  the 
peasants  of  the  Odenwald,  and  were  highly  esteemed  by  them.  The 
sample  analyzed  was  tak^  from  a  large  store  of  the  material  which  was 
of  dark-gray  color  and  in  part  soft  and  sticky,  while  the  rest  was  drier 
and  admixed  with  fragments  of  lime  and*charcoaL 

The  sample,  dried  at  212^  F.,  contained:  — 


Matters  soluble  in 
boiling  water ...  1.94^ 


Matters  soluble  in 
chlorhydric  acid ...  69.78 


fPotash 0.06 

Soda 0.65 

Chloride  of  Sodium 0.15 

Carbonates  of  Alkaline  earths    .    .    .  0.72 

^  Sihca  and  organic  matters     ....  0.86 

fPotash 0.19 

Soda 0.28 

Sulphuric  acid 0.46 

Phosphoric  acid 1.14 

Oxide  of  iron .  2.19 

Alumina B.08 

Lime •    .  29.51 

Magnesia 5.66 

Carbonic  add 22.67 

Carbon 4.57 


•  "  Jounud  f&r  praktiiche  Cbemie/'  1854, 63. 5L 
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Matters  insoluble  in 
chlorhydric  add «— 29.00 

100.68 

Or  altogether:  — 

Potash).      .,      ,,^f 0.24 

Soda    {*o«etl^erl.l7} ^^ 

Chloride  of  sodium .    0.15 

Lime 29.51 

Magnesia 5.66 

Carbonates  of  lime  and  magnesia  dissolved  by  water 0.72 

Oxide  of  iron 2.19 

Alumina 3.08 

Phosphoric  acid 1.14 

Sulphuric  acid 0.46 

Silica  and  organic  matter  dissolved  by  water  •••.....    0.36 

Carbonic  acid 22.67 

Carbon 4.57 

Matters  insoluble  in  add 29.00 

100.68 

It  is  plain  from  my  own  results,  as  well  as  from  those  of  Professor 
Johnson  and  of  Stdn,  that  the  fertilizing  action  even  of  leached  ashes 
cannot  any  longer  be  specially  attributed  to  the  phosphates  that  are 
contained  in  them.  No  doubt  the  small  proportion  of  phoephates 
actually  present  is  useful,  so  &r  as  it  goes,  but  so  is  the  potash  also ; 
and  in  a  fertilizer  so  poor  as  leached  ashes  are,  in  respect  to  the  more 
important  elements  of  plant-food,  the  lime  and  magnesia  compotmds 
undoubtedly  have  considerable  significance. 

The  idea  which  has  been  accepted  and  promulgated  by  many  writen 
upon  agricultural  chemistry,  that  leached  ashes  are  rich  in  phosphates, 
appears  to  have  been  based  upon  some  of  Berthier's  *  analyses  of  the 
insoluble  part  of  several  kinds  of  wood-ashes  that  had  been  carefully 
prepared  by  him  in  the  laboratory,  and  upon  the  general  inference, 
drawn  from  numerous  other  analyses  of  laboratory  products,  such  as 
are  reported  in  the  table  on  page  207,  that,  if  fresh  ashes  contain  5^ 
or  8p  of  phosphoric  add,  the  insoluble  matter  in  those  ashes  which 
usually  amounts  to  some  85  or  90  parts,  and  in  which  almost  the 
whole  of  the  phosphoric  acid  would  naturally  be  retained,  must  be 
credited  with  as  much  as  5^  or  6%  of  it.  Certain  rough  analyses  of 
leached  ashes,  such  as  are  used  as  manure  in  the  south  of  France, 
*  "  Annalet  de  Chhnie  et  de  Physique/'  1826,  32.  248. 
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made  long  ago  by  Bobierre,*  and  often  quoted,  seemed  to  Ml j  accord 
with  the  above  view,  and  to  give  it  direct  support  Bobierre's  anal- 
yses indicate  as  mucb  as  11  or  12,  and  in  one  instance  even  27  per 
cent  of  *^  phosphate  of  lime  mixed  with  alumina  and  oxide  of  iron." 
It  is  manifest,  however,  that  statements  so  little  precise  as  these  are 
wholly  insufficient  to  prove  that  leached  ashes  are  to  be  regarded  as  a 
phosphatic  manure.  Bobierre  himself  has  in  fact  repeatedly  urged 
that  leached  ashes,  such  as*  those  examined  by  him,  are  very  often 
largely  adulterated  with  earth  that  is  rich  in  alumina  and  oxide  of  iron. 
An  analysis  of  soapboilers'  leached  ashes  by  Emil  Wolff,  given  in 
his  "  Naturgesetzlichen  Grundlagen  des  Ackerbaues,"  Leipzig,  1856, 
p.  466,  which  has  served  not  a  little  to  support  the  inference  that 
phosphoric  acid  is  a  prominent  constituent  of  leached  ashes,  is  really 
not  precise  enough ,  to  lend  any  strength  to  that  idea.  Wolff's  state- 
ment of  results  reads  as  follows :  — 

Carbonate  of  lime 41.55 

Phosphate  of  lime,  together  with  some  alumina  and  oxide  of  iron  11.30 

Soluble  silica 3.25 

Magnesia 2.55 

Potash 0.74 

Sand  and  clay 86.16 

Organic  matter • 4.61 

10036 

It  is  possible  of  course  that  the  ashes  analyzed  by  Wolff  were  ex- 
ceptionally rich  in  phosphates,  or  it  may  be  that  they  contained  frag- 
ments of  bone,  so  that  there  was  really  as  much  as  10  or  11^  of 
phosphate  of  lime  found  in  them  (t.e.  from  4^  to  5%  of  phosphoric 
acid),  but  it  is  much  more  probable  that  the  iron  and  alumina  above 
reported  constituted  a  very  considerable  proportion  of  the  11.3%  of 
material  that  is  set  against  their  names.  It  will  be  noticed  that  the 
German  leached  ashes  examined  by  Stein  (page  203)  contained  some 
5%  of  alumina  and  oxide  of  iron. 

From  what  has  been  shown  thus  far,  it  seems  plain  that  a  little  less 
than  2%  of  phosphoric  add  is  all  that  can  be  allowed  in  computing 
the  average  value  of  dry  ashes,  whether  fresh  or  leached.t    While  for 

*  Pierre's  '*  Chimie  Agricole,"  Paris,  p.  662  of  the  first  edition. 

t  That  if  to  sa7,  with  addition  of  lllne,  as  is  the  general  practice  in  this 
coontrj,  and  the  custom  of  soapboilers  everywhere.  It  will  be  noted  that  the 
6  or  8  per  cent  of  lime  added  to  the  fresh  ashes  before  leaching  goes  far  to  sup- 
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the  leached  ashes  of  commerce,  charged  with  more  than  a  third  their 
weight  of  moisture,  no  more  than  1^%  of-  phosphoric  acid  can  he 
allowed  on  the  average,  as  appears  from  Johnson's  figures  on  page  203. 

The  following  table,  to  which  frequent  allusion  has  been  made  m 
the  preceding  pages,  has  been  compiled  from  the  published  statements 
of  various  chemists  who  have  analyzed  the  ashes  of  woody  plants.  As 
has  been  already  indicated  most  of  the  estimations  of  potash  and  phos- 
phoric acid  were  made  in  ashes  that  had  been  prepared  expressly  for 
analysis.  A  more  complete  table  than  the  one  here  given  could  un- 
doubtedly be  constructed,  at  the  cost  of  considerable  time  and  trouble. 
It  is  believed,  however,  that  this  one  will  be  sufficient  to  give  a  jost 
idea  of  what  has  been  done  hitherto  by  chemists  in  this  department  of 
ash  analysis,  and  to  illustrate  the  allusions  to  such  work  that  have 
been  made  in  the  text.* 

The  column  relating  to  "  salts  soluble  in  water,  or  crude  potashes," 
has  been  given  partly  for  the  sake  of  future  reference,  and  partly  be- 
cause the  figures  contained  in  it,  may,  in  the  lack  of  more  precise  indi- 
cations, serve  to  indicate  approximately  the  amount  of  real  potash  that 
the  sample  in  question  contained.  For  in  case  the  matter  reported  as 
'^  salts  soluble  in  water,  or  crude  potashes,"  were  all  carbonate  of  potash, 
as  by  far  the  larger  part  of  it  actually  is  in  most  instances,  the  amount 
of  real  potash  could  at  once  be  calculated,  since  in  every  100  parts  of 
carbonate  of  potash  there  are  68  parts  of  real  potash.  A  rough  ap- 
proximation to  the  amount  of  potash  in  any  sample  of  ashes  may  there- 
fore be  had  by  taking  -f^  or  i^  of  the  figures  given  in  the  column 
relating  to  salts  soluble  in  water. 

ply  the  weight  of  the  soluble  matters  that  are  removed  by  water,  so  that  the 
proportion  of  phospliorio  acid  in  the  dry  leached  product  may  be  very  nearly 
the  same  as  it  was  in  the  fresh  ash.  . 

*  It  will  be  noticed  that  the  figures  in  the  table  all  refer  to  quantities  of  wood 
and  of  ashes  that  hare  been  weighed,  not  measured.  But  since  both  wood 
and  ashes  are  commonly  bought  and  sold  by  measure  in  this  country,  it  maj  be 
well  to  remark  that  a  bushel  of  household  ashes  is  said  to  weigh  about  48 
pounds  on  the  average.  With  regard  to  the  weight  of  different  kinds  of  woods, 
it  appears  from  the  experiments  of  Bull  ("  Transactions  of  the  American  Philoso- 
phical Society,"  Philadelphia,  1880,  3.  60),  that  there  are  about  1800  lbs.  of  diy 
wood  in  a  cord  of  white  pine,  1900  lbs.  in  a  cord  of  pitch  pine,  about  8800  IbSi  in 
a  cord  of  the  ordinary  oaks,  8800  lbs.  in  a  cord  of  white  oak,  and  as  much  as 
4600  lbs.  in  a  cord  of  shell-bark  hickory  ^ot  to  repeat  Bull's  copious  table,  it 
may  be  said  in  general  terms,  that  he  usually  found  about  2500  or  8000  lbs.  of 
dry  wood  to  the  cord. 
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BEFEBENCE  LIST  OF  THE  AUTH0BITIE8  CITED  IN  THE 

LABGB  TABLE. 

1.  Ton  Wemedc,  dted  by  Hartig  in  his  Fontliehes  LexiooBt  Berlin,  1834,  p.  64L   [r.  Wer- 

neck't  original  pti^tt  ii  in  Hermb6t»dt*i  Archir  ier  Agrikoltnr-Ohemle,  B«llii, 
1812,  0.  p.  62  or  92.] 

2.  Henneberg's  Joomal  fQr  Landwirthfcbaft. 

8.    Goeymard,  Coinptos  .BendaB,  1803,  60.  772.    Besidfls  bis  own  detwminatlons,  (huif- 

mard  bas  given  in  tlils  place,  with  doe  credit,  a  nomber  of  Berthi0r*s  results,  and 

a  few  tbat  bare  been  obtained  by  other  obsenrers. 
4.    Berthier,  Annales  de  Chimie  et  de  Physiqae,  1826,  8S.  248,  and  farther,  his  Traits  des 

Essais  par  la  roie  stehe,  Paris,  1834, 1.  p.  2S0,  et  teq, 
B.    Sprengel,  Erdmann's  Joomal  fdr  tech.  nnd  osk.  CSiemie,  1832,  13*  pp.  384,  389;  and 

Journal  fllr  praktische  Chemie,  1834, 1. 159. 

6.  Sprengel,  C,  in  his  Cbemie  fllr  Landwirthe,  GOttingen  1832,  8. 384,  et  «eg.    Only  the 

ash  determinations  of  Sprengd  baTe  been  cited.  His  anafytei  of  tiie  adies  are 
known  to  be  untrustworthy. 

7.  Johnson  and  Sendtaer,  Annalen  der  Chemie  und  Pharmade,  18S6,  96«  284-24L 

8.  EOthe,  Bericht  der  Naturhistorischen  Vereins  in  Augsburg,  1866, 9. 29. 

9.  Zedeler,  Anualen  der  Chemie  und  Pharmacie,  1801,  78. 351. 

10.  Cited  by  Leuchs,  E.  F.,  in  his  Der  potaschen-Fabrikant,  NClmberg  2te  Anflage,  1844, 

pp.  15-18.  According  to  Leuchs,  his  figures  depend  upon  the  results  of  Wiegleb, 
Kirwan,  WUdenhasm,  J.  C.  Leuchs,  B<Bslg,  and  other  observers.  The  same  figures 
are  given  by  Hermann,  H.  O.,  in  his  Praktische  Anweiiung  sur  B«reltung  der 
Potasche,  Quedlinburg  and  Leipzig,  1836,  p.  3.  as  '*  taken  fh>m  the  statements  of 
rarious  autJiors; "  and  many  of  them  by  Chevalller,  in  DIngler's  polytech.  Journal 
1833, 48. 380,  who  states  that  the  figures  of  his  tables  are  arithmetical  means  ob- 
tained trom  the  results  of  Kirwan,  Vauquelln  and  Pertuis.  They  have  been  re- 
peated by  (40)  Hohenstein  also 

11.  Margold,  Knop*s  Lehrbuch  der  Agricultur-Cbemie,  1868, 1. 714. 

12.  Oueymard,  Comptee  Bendus,  1864,  69. 992.    In  this  memoir  O.  reports  "  phospbates 

of  lime  and  iron.'*  I  have  taken  46%  of  his  figures  indicating  these  mixed  pboe- 
phates,  in  order  to  obtain  the  approximative  estimates  of  phosphoric  add  that  are 
given  in  the  table. 

13.  Malaguti  and  Durocher,  Annales  de  Chlmle  et  de  Physique,  1858,  54. 257. 

14.  Fresenins  and  Will,  Annalen  der  Chemie  und  Pharmade,  1844, 60. 39S. 

15.  C.  Erdmann,  Annalen  der  Cbemie  und  Pharmade,  1856, 94. 265. 

16.  Pissis,  Annales  de  Chimie,  1801,  38. 91. 

17.  Blchardson,  Annalen  der  Chemie  und  Pharmade,  1848,  67. 377. 

18.  Fresenius's  pupils,  Annalen  der  Chemie  und  Pharmade,  1857, 101  pp.  2S5-231, 

19.  Simon,  G.  F.  W.,  Die  Fabrikatlon  der  russichen  Pottasche  in  Deulschland.    Qvedlfai- 

burg  and  Ldpstg  1845,  p.  6.  According  to  Simon,  his  results  are  thi  arithmeticsl 
means  of  repeated  original  trials  with  the  several  kinds  of  wood.  A  large  quantity 
of  the  wood  to  be  tested  was  used  as  ftiel  to  feed  the  calcining  fhmaoes  at  his  works. 
The  ashes  obtained  were  strcmgly  Ignited,  and  then  leached  by  themsdves. 

20.  Brix,  dted  by  Kerl  B.,  in  his  Handbuoh  der  Hflttenkunde,  Frdberg,  1861, 1. 947. 

21.  Zeyer,  liebig  and  Kopp*s  Jahresbericht,  14. 771. 

22.  Hambrii^t,  American  Journal  of  Pharmacy,  1868,  35. 200. 

23.  Hruscbauer,  Annalen  der  Chemie  und  Pharmade,  1846, 69.  pp.  201-206. 

24.  Wiegleb,  dted  by  John  in  his  Emihrung  der  Pflansen,  pp.  23, 24. 

25.  John,  J.  F.,  in  his  work  Ueber  die  Emihrung  der  Pflanzen,  Berlin,  1819,  pp.  69,  60,. 

66, 139-142. 

26.  Sprengel,  Knlmann's  Joum.  tech.  und  osk.  Chemie,  1829, 6. 185, 292. 

27.  Kirwan,  Transactions  Boyal  Irish  Academy,  1789,  8.  pp.  35,  36.    Most  of  the  figures  in 

Kirwan*s  memoir  seem  to  have  been  derived  fk-om  a  pamphlet  published  In  France 
bythe  Administration  of  powder  and  saltpetre.  I  have  omitted  those  that  wcfre 
manifestly  duplications  of  (63)  Pertuis's  dtatlons. 

28.  Wicke,  Henneberg's  Journal  fllr  Landwirthschaft,  1862,  7*  143,  §t  seg. 
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tk  J.  SchroBdei^,  St<BdEliftrdt'i  Cbemlwhe  Aekemnann,  1873,  !•.  198. 

30.  Chevandler,  Ck>mpt68  Rendut,  1847,  t4. 209. 

31.  Chevandier,  Annales  de  Chimie  et  de  Pbyslqae,  1844,  pp.  137-148. 

32.  Handtke,  St<Bekhardt*8  Cbemiiicbe  Ackertmuin,  1883.  9. 249. 

33.  Wander,  Die  Undwirtbechaftllcben  Veranclw-Stationeo,  1884,  0. 10. 
94.  Hertwig,  Annalen  der  Chemle  and  Pharmade,  1843,  4k6.  102. 

35.  Heyer,  Annalen  der  Chemle  and  Pharmade,  18S2,  S9.  188. 

36.  Bdttlnger,  Annalen  der  Chemle  and  Pharmade,  1844,  50*  407. 

37.  Witting,  Liebig  and  Kopp*8  Jahresbericht,  4. 712. 
3B.  Wittstein,  Uobig  and  Kopp's  Jahresberiebt,  15. 610. 

39.  Kratsdi,  SttBckhardf  8  Cheoiliohe  Ackersmann,  1863, 9. 22. 

40.  Cited  by  Uohenstein,  A.,  in  bla  Die  Pottasdien-Fabrikation,  Wien,  1806,  p.  18,  et  teq, 

[I  have  oopied  notliing  fVom  thi8  work  excepting  certain  reialta  wlilch  purport  to 
depend  npon  indei>endent  obeerratlons.  It  will  be  noticed,  howerer,  tliat  many  of 
the  flgorei  taken  fhim  Hohonsteln  are  remarkably  similar  to  thoee  of  r.  Wemeck.] 

41.  Zdler,  Die  landwirthachaftllchen  Versucha-Stationen,  1864, 0. 231. 

42  F.  Schalze,  in  his  Chemle  fllr  Landwirthe,  Leipzig,  1866,  9.  pp.  76,  80. 

43.  Souchay,  Annalen  der  Chemle  and  Pharmade,  1846,  54. 348. 

44.  Brand!  and  Backowledd,  Liebig  and  Kopp*s  Jahresbericht,  17. 607. 
46.  De  Sauasare,  in  his  Becherches  Chimiques,  Paris,  1804. 

46.  SchQtzo,  dted  in  St<Bckhardt*s  Chemlsche  Ackersmann,  1873, 19. 200. 

47.  Engdnumn,  A^palen  der  Chemle  and  Pharmade,  1846,  54. 342. 

48.  Leri,  Annalen  der  Chemle  and  Pharmade,  1844, 50. 423. 

49.  Vogel,  Annalen  der  Chemle  and  Pharmade,  1844, 51.  pp.  149-143. 

60.  Wrightson,  Annalen  der  Chemle  and  Pharmade,  1845,  54. 341. 

61.  Sacc,  Annates  de  Chlmle  et  de  Physique,  1849,  25. 224. 

62.  Experiments  of  the  Ldpdg  Skonomlsche  Qesellschaft,  dted  bj  (40)  Hobenstein,  p.  88. 
OS.  B4gle  [French  Administration  of  powder  and  saltpetre],  dted  by  Pertols,  ^^^fw  de 

Chlmle,  1797, 19. 162. 
64.    Pertals's  own  observations,  Annales  de  Chimie,  1797,  19.  162.    According  to  Pertols, 

his  woods  were  "  burnt  with  great  care." 
66.    Wotli;  Journal  fdr  praktisohe  Chemle,  1848, 44. 386. 
66.   Staffd,  Annalen  der  Chemle  nnd  Pharmade,  1860,  7<l*  379;  and  fturtber,  Liebig  and 

Kopp*s  Jahresbericht,  3.  p.  661  and  Table  D.    [The  woods  examined  by  Staflbl  were 

carbonized,  after  H.  Bose,  and  the  ashes  seem  to  hare  been  careftilly  analysed.] 

87.  L.  Hottknann,  Annalen  der  Chemle  und  Pharmade,  1845, 56. 125. 

88.  Herapath,  Journal  London  Chemical  Sodety,  1849, 1.  pp.  194-116. 
59.    Uhden,  dted  by  (40)  llohensteln,  p.  34. 

#0.   Sprengel,  Erdmann's  Joum.  tech.  und  osk.  Chemle,  1830,  ?•  267;  and  8.  pp.  11  and  260. 
fL   StOBckhardt,  In  his  Chemlsche  Ackersmann,  1866, 19. 61. 

It  is  interesting  to  recall  the  fact  that,  nearly  a  hundred  years  ago,  the 
French  Administration  of  Powder  and  Saltpetre  *  of  those  days,  reported 
as  the  result  of  their  experiments  upon  four  kinds  of  wood,  — viz.,  oak, 
heech,  hornbeam,  and  aspen,  —  that  the  mean  product  of  ash  was  1.08%, 
and  the  amount  of  crude  potashes  in  the  ash  11.59%. 

Much  more  recently,  another  French  observer,  Chevandier,!  has  re- 
ported as  the  result  of  a  very  large  number  of  experiments  (524  in  all), 
made  expressly  for  the  purpose  of  obtaining  trustworthy  data,  that  the 
average  yield  of  ashes  from  nine  kinds  of  wood  (viz. ,  willow,  aspen ,  oak, 

*  Cited  by  Pertois,  '<  Annalet  de  Chimie,"  1797,  lA.  162.  According  to 
Eirwan,  the  woods  in  question  were  "burnt  in  a  dean  chinaney  and  open 
Are." 

t  *'  Comptet  Rendus."  1847,  24.  pp.  269,  274. 
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hornbeam,  alder  beech,  pine,  spmoe,  and  birch),  taken  altogether,  and 
with  the  bark  that  belongs  to  each  part,  ia  for  the 

Stems  of  very  young  trees 1>23%  of  the  dry  wood 

Split  wood  from  older  trees 1.34%      „  „ 

Branches  not  large  enough  to  need  splitting  .  1. 54%       „  , , 

Fagots 2.27%      „ 

It  would  seem,  however,  that  the  woods  burnt  by  Chevandier  had  been 
very  sharply  dried  before  weighing,  and  that  the  percentage  of  ashes 
above  given  must  consequently  be  a  trifle  higher  than  would  have  been 
found  by  the  usual  method  of  estimation.  No  mention  of  the  tempera- 
ture at  which  the  woods  were  dried  is  made  in  the  article  from  which  the 
foregoing  figures  were  taken.  But  in  several  other  memoirs  published 
by  Chevandier,  he  distinctly  states  his  habit  of  experimenting  upon 
woods  that  have  been  dried  at  140°(C.)  [—  284^  F.]. 

I  have  purposely  omitted  to  mention  in  the  table  a  large  number  of 
determinations  of  the  percentage  amounts  of  ashes  in  the  charcoal  of 
yarious  kinds  of  woods  that  have  been  made  by  Violette,*  Berthier,t  and 
ELarsten.J  Since  the  amounts  of  wood  from  which  these  charcoals  were 
produced  have  been  reported  in  most  instances,  it  would  at  first  sight 
seem  to  be  an  easy  matter  to  calculate  from  the  analytical  data  the  percen- 
tages of  ash  in  the  original  woods.  Indeed,  a  number  of  results  thus 
obtained  by  Berthier  have  been  often  cited  in  chemical  literature.  But 
the  figures  computed  in  this  way  often  differ  considerably  from  those 
that  have  been  obtained  by  the  direct  incineration  of  wood,  and  there 
are  grounds  for  believing  that  they  are  less  trustworthy  than  the  latter 
on  the  whole. 

One  reason  why  the  determinations  made  upon  charcoal  need  not  be 
quoted  in  this  connection,  depends  upon  the  fact  that  most  of  them  refer 
not  to  ordinary  wood  that  has  been  burned  with  the  bark  natural  to  it, 
like  wood  that  is  used  as  fuel,  but  to  wood  that  has  been  carefully 
deprived  of  its  bark,  as  in  the  preparation  of  charcoal  for  the  powder- 
maker.  All  of  Violette*s  experiments,  some  of  those  of  Berthier,  and 
perhaps  Karsten's  also,  were  made  upon  the  charcoal  of  wood  from 
which  the  bark  had  been  removed,  while  most  of  the  results  given  in  the 
table  undoubtedly  refer  to  ordinary  fire-wood  that  was  burnt  with  its 
bark. 

It  would  of  course  be  interesting,  from  the  scientific  point  of  view,  to 
know  how  much  ashes  is  yielded  by  barkless  woods  of  various  kinds;  and 
it  is  undoubtedly  true  that  more  information  upon  this  point  may  be  got 
from  the  researches  of  Violette,  and  the  other  investigators  of  charcoal, 
than  from  any  other  source.    But  it  does  not  appear  that  this  informs- 

*  "  Annales  de  Chimie  et  de  Physique/'  1861,  32.  841,  and  1858,  39.  294. 
t  "  Traits  des  Essais  par  U  Voie  s^he/'  Paris,  1884, 1.  249,  260. 
t  Cited  in  Schubarth'^t  "  Handbuch  der  technischen  Chemie,"  Berlin,  1889, 
L291. 
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tion  is  strictly  correct,  or  that  the  details  of  it  can  fairly  be  cited  as  if 
they  were  of  the  same  general  order  as  the  results  given  in  the  table. 

On  comparing  tiie  percentages  of  ash,  given  in  the  table  above,  that 
have  been  got  directly  from  wood,  with  the  results  now  in  question, 
that  have  been  obtained  from  charcoal,  it  is  hard  to  escape  the  convia- 
tion  tiiat  the  latter  do  not  indicate  the  whole  of  the  ashes  that  the 
woods  really  contained.  It  would  seem  that  the  absolute  amount  of  ash 
in  charcoal  is  almost  always  a  little  less  than  the  amount  of  ash  in  the 
wood  from  which  the  coal  was  produced. 

There  was  undoubtedly  something  of  truth  in  the  old  notion  of  Neu- 
mann, Wenzel,  and  other  of  the  early  chemists,*  that  wood  burnt  in  the 
open  air  yields  more  **  salt  "  than  can  be  got  from  the  charcoal  obtained 
from  a  similar  amount  of  wood.  Even  the  opponents  f  of  this  view  have 
shown  that  a  certain  amount  of  earthy,  non-volatile  matters  are  always 
lost  during  the  distillation  of « wood,  especially  when  the  distillation  is 
rapid,  and  the  escape  of  the  volatile  products  tumultuous.  Braconnot  % 
found  27h  per  cent  of  ashes  in  powdery  soot  from  wood  smoke,  taken 
from  the  middle  of  a  chinmey,  and  in  lamp-black  he  found  2%  of  ash. 
Violette  §  goes  so  far  as  to  assert  from  the  results  of  his  own  experience, 
that  **  it  must  be  admitted  that,  in  the  ordinary  processes  of  carbonization, 
the  matters  that  separate  by  volatilization  carry  off  about  8%  of  mineral 
matters,  either  mechanically  or  in  a  state  of  combination  with  hydrogen." 
It  is  to  be  noted,  however,  that  the  experiments  upon  which  Violette  | 
specially  bases  this  conclusion  may  perhaps  have  been  vitiated  by  mat- 
ters derived  from  the  glass  tubes  in  which  the  trials  were  made. 

The  following  examples,  taken  at  random,  may  serve  to  indicate  the 
difference  between  the  amounts  of  ash  obtaii^d  by  incinerating  charcoal 
and  those  obtained  directly  from  wood.  On  burning  the  charcoal 
obtained  from  100  parts  of  wood  from  birch-trees,  10  or  12  years  old, 
Tiolette  found  enough  ash  to  amount  to  0.30%  of  the  wood  dried  at 
150®.  Berthier  (**  Voie  Sfeche,"  p.  249)  found  0.80%  of  ash  by  operat- 
ing on  the  carbon  of  air-dried  wood;  and  Karsten  got  0.25%  and  0.30% 
accordingly  as  he  operated  upon  the  wood  of  young  or  of  old  trees.  But 
all  these  numbers  are  much  smaller  than  those,  given  in  the  table  above, 
that  have  been  obtained  by  the  direct  incineration  of  birch-wood. 

From  the  charcoal  of  the  wood  of  a  grape-vine,  10  or  12  years  old,  Vio- 
lette got  only  as  much  ash  as  would  amount  to  0.10%  of  the  wood  dried  at 
150^.  But  from  the  table  above  it  appears  that  3%  or  more  of  ash  has 
usually  been  met  with  in  dry  vine-wood. 

♦  See  John's  "  ErnEhrung  der  Pflsnzen,"  Berlin,  1819,  p.  8. 
t  For  example,  Wiegleb  and  John.     See  the  Utter's  *'  Ernfthrung  der  Pflaii* 
sen/'  pp.  28-25,  and  note. 

I  "  Annales  de  Chimie  et  de  Physique,"  1826,  31.  pp.  60,  67. 
I  "  Annates  de  Chimie  et  de  Phytique,"  1861,  32. 882. 
I  Loe.  cU.  pp.  826-882.  - 
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From  hornbeam  charcoal  (from  a  tree  fifteen  or  twenty  years  old)  Yio- 
lette  got  ash  to  the  amount  of  0.22%  of  the  wood  dried  at  150^;  Karsten 
got  0.32%  and  0.35%  by  operating  on  the  charcoal  of  young  wood  and 
old  wood  respectively. 

From  horse-chestnut  charcoal  (from  a  tree  20  or  30  years  old),  Violette 
got  ash  amounting  to  0.33%  of  the  wood. 

From  oak  charcoal  (from  trees  10  or  12  years  old),  Violette  got  ash 
amounting  to  0.09%  of  the  wood;  Karsten  got  0.11%  and  0.15%  by  ope- 
rating on  the  charcoal  of  old  and  of  young  wood  respectively;  and  Ber- 
thier  ♦  0.4%. 

As  has  been  already  intimated,  most  of  these  experiments  were  made 
upon  charcoal  from  barkless  wood,  and  since  bark  contains  a  very  much 
larger  proportion  of  ash  than  wood  does,  it  is  but  natural  that  much  less 
ashes  should  be  found  in  wood  from  which  the  bark  had  been  removed 
than  in  that  which  was  burnt  together  with  its  bark.  But  while  the 
absence  of  bark  goes  far  to  explain  the  small  proportion  of  ashes  found 
in  wood  by  Violette,  it  does  not  appear  that  the  differences  between  his 
results  and  those  of  the  generality  of  observers  can  be  wholly  explained 
in  this  way.  There  will  be  found  in  the  table  above  given,  in  several 
instances,  determinations  of  the  amounts  of  ashes  obtained  by  burning 
wood  by  itself,  without  its  bark,  that  may  be  compared  directly  with  the 
results  just  cited.  Thus,  for  example,  Berthier,  in  his  **  Voie  S6che," 
p.  256,  found  in  oak  sawdust  free  from  bark,  1.1%  of  ashes;  Sprengel 
found  0.21,  0.27,  and  0.31%  of  ash  in  oak  heart-wood,  and  0.53%  in  the 
sap-wood.  De  Saussure  found  0.20%  in  heart-wood,  and  0.40%  in  sap- 
wood;  and  John  found  0.67%  in  heart-wood.  So,  too,  in  heart-wood 
from  hornbeam  trees,  Sprengel  found  0.41%  of  ash,  while  De  Saussure 
found  0.60%  in  heart- wooa  and  0.70%  in  sap-wood:  figures  which  are 
notably  larger  than  the  0.22, 0.32,  and  0.35  deduced  from  the  experiments 
upon  charcoal,  as  just  now  cited. 

More  evidence  of  this  kind  could  readily  be  accumulated  by  contrast- 
ing Violette 's  estimations  of  the  ash  in  various  otiier  kinds  of  wood  with 
kindred  results  in  the  table.  It  is  true  that  many  of  these  comparison 
will  be  found  to  be  less  precise  than  could  be  wished;  that  sometimes  the 
differences  between  the  experiments  of  various  observers,  cited  in  the 
table,  are  as  large  as  the  differences  between  the  results  obtained  by 
tlie  two  methods  of  incineration  now  in  question;  and  that,  in  general, 
the  proportion  of  ash  obtainable  in  any  way  from  barkless  wood,  is 
very  much  less  than  would  be  supposed  at  first  sight  on  inspecting  the 
figures  of  the  table.  Comparatively  little  is  really  known  either  as  to 
the  average  amounts  of  ashes  contained  in  wood  proper  (free  from  bark) 
or  as  to  the  average  difference  between  ash  determinations  made  upon 
charcoal  and  those  made  directly  with  wood;  and  it  will  hardly  be  pos- 

*  "  Esiais  par  la  Voie  S^che/'  p.  249.  The  comparatively  high  percentage  ot 
ash  in  this  case  may  hare  been  due  to  some  admixture  of  bark  with  the  wood. 


BULLETIN   OP  THE  BU8SBT  INSTITUTION.  251 

sible  to  reach  any  very  definite  conclusion  upon  either  of  these  qaes- 
tions  except  by  accumulating  a  much  larger  number  of  direct  estimations 
of  the  ash  in  barkless  wood  than  have  hitherto  been  published.  For  the 
present,  it  will  be  enough  to  urge  that  the  evidence  now  existing  is  on 
the  whole  unfavorable  to  the  acceptance  of  those  determinations  of 
the  amounts  of  ashes  in  wood  that  have  been  made  by  burning  charcoal 
instead  of  the  original  wood.  An  exception  to  this  general  conclusion 
should  perhaps  be  made  with  respect  to  the  soft  resinous  woods,  like  pine 
and  spruce  and  fir ;  for  the  differences  between  the  ash  determinations 
that  have  been  made  by  different  experimenters,  operating  upon  these 
woods,  are  but  small,  no  matter  what  process  was  employed.  Thus,  for 
example,  Violette,  working  with  charcoal,  got  0.20%  of  ash  in  barkless 
Scotch  pine-wood;  and  Berthier  (see  his  **  Voie  S^che,"  p.  249)  got,  in 
a  somewhat  similar  way,  0.40%,  in  both  pine  and  spruce;  while  in  another 
pine  Q'Pin  maritime'')  A^olette-got  0.23%  of  ash  But  in  barkless 
spmce-wood,  burnt  directly,  Schroeder  got  only  from  0.22  to  0.-30%  of  ash, 
and  Wunder  only  from  0.31  to  0.89%. 
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No.  11.  —  On  the  Importance  as  Plant-food  of  the  Nitrogen  in 
Vegetable-mould.  By  P.  H.  Stores,  Professor  of  Agricul- 
tural Chemistry. 

In  the  course  of  namerous  experiments  apon  .the  growth  of  pkots 
in  various  kiuds  of  soils,  which  have  been  made  in  the  glass-house  of 
the  Bussey  Laboratory  during  the  last  three  years,  I  have  been  re- 
peatedly impressed  by  the  extreme  facility  with  which  plants  can 
obtain  from  ordinary  peat  or  loam  a  supply  of  nitrogen  sufficient  for 
their  vigorous  growth,  provided  the,  ash-ingredients  necessary  to  the 
life  of  the  plant  are  at  hand,  that  the  earth  is  kept  moist,  and  moder- 
ately warm,  and  that  it  is  in  good  mechanical  condition. 

There  is,  really,  little  of  novelty  in  £he  observation,  which  must  have 
often  been  made  already,  in  respect  to  plants  grown  in  flower-pots  ac- 
cording to  the  ordinary  methods  of  domestic  life.  The  ^Etct  is  exhibited, 
moreover,  in  nature,  upon  a  stupendous  scale,  and  is  so  familiar  in  one 
sense  that  it  almost  seems  idle  to  discuss  it.  But  it  b  none  the  less 
true,  upon  the  other  hand,  that  the  precise  significance  for  practical 
agriculture  of  the  supplies  of  nitrogen  natural  to  the  soil  has  never 
been  made  clear,  and  that  the  discussion  of  the  subject  is  beset 
with  many  doubts  and  uncertainties  that  need  to  be  removed.  It 
would  seem  indeed,  at  first  sight,  that  the  familiar  ^Etct  that  a  plant 
may  grow  even  luxuriantly  in  a  pot  of  loam  to  which  nothing  but 
rain-water  is  added,  must  be  inconsistent  with  another  fact  equally 
familiar,  —  namely,  that  the  fertility  of  a  vast  number  of  soils  rich  in 
^'  humus ''  is  greatly  increased  by  the  application  of  nitrogenous  ma- 
nures, —  and  be  absolutely  contradicted  by  the  experiments  of  Boussin- 
gault,*  which  have  hitherto  seemed  to  prove  that  a  fertile  garden  soil 
has  little  if  any  more  power  than  so  much  sand  to  supply  plants  with 
nitrogen. 

It  is  because  of  these  seeming  contradictions,  no  doubt,  that  the 
power  which  the  organic  matters  in  the  soil  really  possess  of  supplying 

•  See  his  work  entitled  '*  Agronomie,  Chimie  Agricole  et  Physiologie,"  P«n>» 
1860,  1.  pp.  288-359.  Compare  Johnson's  "  How  Cfrops  Feed,"  New  York, 
1870,  p.  280.  The  earth  used  in  Boutsingault's  experiments  contained  0. 
of  nitrogen. 
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nitrogen  to  plants  is  not  very  clearly  understood,  or  not  allowed  for  to 
the  extent  that  it  deserves,  or  sometimes  not  even  recognized. 

The  experiments  to  be  described  directly  were  neither  devised  nor 
carried  out  with  the  idea  of  elucidating  the  present  question,  but  for  a 
totally  different  purpose ;  and  it  must  be  said  of  them,  in  so  far  as  they 
may.  seem  to  conflict  with  the  analogous  experiments  of  Boussingault, 
that,  as  regards  matters  of  analytic  detail,  they  cannot  be  put  in  com- 
parison with  the  research  of  that  observer.  Though  carefully  and 
fitithfully  performed,  they  make  no  pretence  to  that  elaboration  and 
scrupulous  attention  to  details  which  would  naturally  be  demanded  of 
any  experimenter  who  might  seek  to  review  Boussingault's  work.  To 
my  mind  no  such  review  is  nec^ed^  Boussingault  has  given  conclusive 
proof  that  plants  are  not  nourished  to  any  great  extent  by  soil-nitrogen 
when  supplied  in  the  quantities  and  exposed  to  the  conditions  which 
obtained  in  most  of  his  experiments.  But  it  is  none  the  less  true  of 
my  own  experiments,  that  they  have  clearly  exhibited  the  power  of 
plants  to  obtain  support  from  the  nitrogen  of  the  soil,  under  the  'con- 
ditions in  which  they  were  performed.  The  sharp  contrasts  to  be  seen 
in  the  results  of  these  experiments,  accordingly  4%s  the  nitrogen  of 
peat  or  loam  was  or  was. not  present  in  the  pots,  is  a  kind  of  evidence 
that  cannot  be  readily  discredited  or  lightly  set  a^ide.  The  simplicity 
of  the  method,  moreover,  makes  it  easy  for  any  one  to  perform  an  ex- 
periment for  himself  which  will  afford  ocular  demonstration  of  the 
most  convincing  character.  I  cannot  but  feel  that  the  conclusions  to 
which  these  experiments  point  have  a  direct  and  immediate  bearing 
upon  one  of  the  most  important  problems  in  practical  agriculture. 

The  following  record  of  results  has  beed  taken  almost  at  random 
from  a  collection  which  contains  many  others  of  similar  import.  They 
are  comparable  for  the  most  part  with  those  on  pages  54  to  70  of  this 
Bulletin.  It  is  to  be  remarked  that  in  all  the  experiments  I  have 
sought  to  keep  the  temperature  of  the  glass-house  at  from  68^  to  70^  F. 
by  day,  and  at  48^  to  50^  by  night.  In  point  of  fact  the  temperature 
of  the  house  seldom  rises  above  82^  or  83^,  and  very  rarely  falls  below 
44^  or  45^,  during  the  season  allotted  to  the  experiments.  The  jars 
are  constantly  kept  decidedly  moist,  but  not  overwet.  The  comparative 
ease  with  which  the  soil  contained  in  glass  jars  can  be  kept  really  mobt, 
constitutes  one  of  the  chief  advantages  of  these  vessels  for  experimental 
purposes  as  compared  with  the  ordinary  porous  earthen  flower-pots. 
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Growth  of  Buehwheat  in  a  Mixture  of  Peat  and  Ooal  Ashes.  —  On 
December  11,  1872,  a  glass  preserve  jar  was  charged  with  an  intimate 
mixture  of  250  grammes  of  anthracite  ashes  free  from  nitrogen,  such 
as  were  used  in  the  series  of  experiments  recorded  on  page  54  of  this 
^  Bulletin,"  and  230  grammes  of  air-dried  peat  from  the  Bussey  Farm, 
containing  1.2%  of  nitrogen,  as  has  been  stated  on  page  135.  Three 
buckwheat  seeds  were  planted  in  this  soil,  and  the  jar  was  watered 
with  rain-water  until  March  4,  1873,  when  the  crop  was  harvested. 
On  December  20,  three  germinated  buckwheat  seeds  were  planted  in  a 
second  jar  that  had  been  charged  like  the  first  with  a  mixture  of  peat 
and  coal  ashes,  and  the  jar  was  watered  with  rain-water  like  the  other ; 
but  one  of  the  plants  was  removed  on  January  2,  in  order  to  bring  the 
second  jar  into  close  comparison  with  the  first,  where  only  two  oat  of  the 
three  seeds  that  were  planted  had  grown.  The  results  of  these  experi- 
ments are  as  follows :  — 


• 

No.  of  the  Jar. 

The  Crops,  hanreited  March  4, 1S73, 

Weighed  )n  grms. 
(Driedat90Otol00(>o.) 

Grew  to  height  In 
inches. 

Had  Seeds. 

X  .     .     .     . 

n   .  .  . 

.    .     1.760     .    . 
,    .     1.100     .    . 

(      .     1  =  20     .      ) 
r    .     1  =  15     .      ] 

(      .     1  =  18     .      I 
i      .     1  =  12     .      ] 

.    .    25 
.    .    22 

The  plants  had  every  appearance  of  being  amply  supplied  with 
nitrogen.  They  were  in  fact  remarkably  vigorous  and  succulent,  so 
much  so  indeed  that  the  stem  of  one  of  the  plants  burst  open  loDgita- 
dinally  when  it  was  about  a  month  old. 

The  significance  of  these  results  will  appear  on  comparing  them  with 
those  of  the  table  on  page  54.  It  will  there  be  seen  that  the  two 
buckwheat  plants  of  jar  No.  5,  that  were  reared  with  rain-water  in 
ooal-ashes  by  itself  gave  a  crop  that  weighed  only  a  twelfth  part  as 
much  as  the  worst  of  the  two  crops  above  described ;  that  they  yielded 
but  two  seeds  instead  of  twenty-two ;  and  that  the  crop  was  in  every 
respect  feeble  and  insignificant  It  will  be  noticed,  moreover,  that  the 
addition  of  nitrogenized  salts  to  the  coal-ashes  enabled  them  to  support 
crops  very  much  in  the  same  way  as  was  the  case  when  peat  was 
added.    Differences  such  as  these,  seen  in  the  concrete,  as  when  the 
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living  plants  are  actually  contrasted,  carry  a  conviction  to  the  mind  of 
the  observer  that  is  not  easily  expressed  in  words. 

The  peat  used  in  these  experiments,  and  in  several  of  those  which 
follow,  was  from  the  same  bed  as  that  employed  upon  Section  AA 
in  the  field  experiments  of  1871  and  1872,  which  were  reported  in  a 
previous  number  of  this  "  Bulletin  '*  (pages  80  to  1 15).  In  those  experi- 
ments it  did  not  appear  that  the  application  of  peat  to  the  land  did  any 
good ;  but  the  conditions  to  which  the  peat  was  exposed  upon  the  field 
were  necessarily  very  different  from  those  which  obtained  in  the  glass- 
house ;  and,  moreover,  the  soil  of  the  field  already  contained  an  abun- 
dant supply  of  nitrogenized  matters,  as  the  records  of  crops  obtained 
upon  the  adjoining  section  A  show. 

Growth  of  Maize  in  Peat  and  Coal  Ashes.  —  On  January  21,  1873, 
one  glass  preserve  jar  was  charged  with  a  mixture  of  230  gnunmes  of 
air-dried  peat  from  the  Bussey  Farm,  and  250  grammes  of  coal-ashes 
such  as  were  used  for  the  experiments  reported  on  pages  60  and  69, 
and  which,  as  it  turned  out,  were  not  of  themselves  altogether  free  from 
nitrogen ;  while  another  jar  was  filled  with  the  peat  alone.  Two  ker- 
nels of  common  yellow  corn  were  planted  in  each  jar,  and  the  soils 
were  watered  with  rain-water  until  April  29,  when  the  crops  were  har- 
vested with  the  following  results :  — 


No.  of  the  Jar. 

The  Crops,  harvested  April  29, 1873, 

Weighed  In  ffrmn. 
(Dried  at  90O  to  100°  0.) 

Grew  to  height  in  inchee. 

I — Peat  and  Aghes 
II<— Peat  alone   .    . 

.    .    .    5.880    .    .    . 

...       O.OOO       ... 

j    1  — 12 
•     •     1    1  =  10 

(1  —  10 

•     •    (    1=   8 

The  color  and  appearance  of  the  plants  ,were  good,  and  the  convic- 
tion that  they  obtained  nitrogen  from  the  peat  was  unavoidable. 
Compare  the  table  on  page  69. 

Growth  of  Buckwheat  in  Peaty  and  in  Mixtures  of  Peat  with  New 
Jersey  Green  Sandy  Berkshire  Sandy  and  CoaUAshes  (of  the  sort  not 
wholly  jfree  from  nitrogen).  —  On  February  13,  1873,  four  glass  pre- 
serve jars  were  filled  with  the  following  substances  ;  viz.,  No.  I.  with  a 
mixture  of  250  grammes  of  "  West  Jersey  green  sand  marl "  and  230 
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grammes  of  the  Bussey  peat ;  No.  II.  with  a  miztaro  of  250  grammes 
of  Berkshire  sand,  and  230  grammes  of  the  Bussey  peat ;  No.  IIL 
with  a  mixture  of  250  grammes  of  coal-ashes,  of  the  kind  employed 
for  the  experiments  that  have  been  described  on  pa^  60,  and  230 
grammes  of  the  Bussey  peat ;  tind  No.  IV.  with  350  grammes  of  the 
peat  by  itself.  Two  backwheat  seeds  were  planted  in  each  jar,  and 
the  several  soils  were  watered  with  rain-water  throughout  the  experi- 
ment.    The  results  of  these  trials  were  as  follows :  — 


No.  mnd  Contents 
of  the  Jar. 


I  —  Green  Sand 

.   and  Peat . 

II  — Berks.  Sand 

and  Peat . 

in  — Coal    Ashes 

and  Peat . 


IV  —  Peat  alone 


The  Crops,  harvested  April  29, 1873, 


Weighed  in  grms. 

(Dried  at  90^  to 

100°  c.) 


1.16 


0.47 


1.83 


2.71 


Grew  to  height  in 
inches. 


!  1=11 1 


19 


|l:Sl 
! 


24 
22 

28 
21 


Had  Seeds. 


Man  J  flowers,  bvt 
no  mature  seeds. 

2  seeds  and  serersl 
flowers.  Only  1 
plant. 

9  seeds  and  many 
flowers. 

21  seeds  and  many 
flowers. 


These  results  are  comparable  to  a  certain  extent  with  those  recorded 
on  pages  60,  63,  and  64.  See  also  page  254.  It  will  be  noticed,  how- 
ever, that  there  were  fewer  plants  in  each  jar  in  the  present  case  than 
before.  The  fact  that  the  mere  peat  gave  the  best  crop  of  all,  proba- 
bly depended  upon  the  mechanical  condition  of  that  substance.  It  lay 
light  and  porous  in  the  jar,  and  afforded  an  easy  passage  for  air  and  for 
the  roots  of  the  plants.       * 

In  the  case  of  the  New  Jersey  green  sand,  which  is  a  substance 
naturally  well  supplied  with  most  of  the  inorganic  constituents  of  plant 
food,  the  need  of  nitrogen  is  manifest,  and  the  advantages  to  be  gained 
by  adding  it  are  easily  shown,  as  has  been  already  remarked,  on  page 
65.  The  following  table  exhibits  this  &tct  anew,  and  will  serve  also  to 
illustrate  the  significance  of  the  nitrogen  in  peat,  as  just  recorded,  when 
compared  with  that  of  the  nitrates  which  were  here  used  in  its  stead. 

A  series  of  nine  glass  preserve  jars  were  charged  with  the  ^  West 
Jersey  green  sand  marl,"  — 1210  grammes  of  it  being  weighed  out  for 
each  jar.     Certain  chemicals  of  the  kinds  and  amoimts  recorded  in  the 
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ttble  were  ttized  wkk  tke^  gireen  sand ;  two  backwheaft  seeds  were 
planted,  February  Id,  187d,  in  each  jar;  and  the  entire  Series  wad 
watered  with  rain-water  until  the  crops  were  harvested.  The  follbwing 
results  were  obtained :  — 


The  jar  oontalited  1210 

The  Crops,  hazreited  April  29 

,  1873, 

JSn  tvf 

the  Jar. 

grms.  of  the  glwen 
sandi  plas  — 

Weighdingrms. 
(Dried  at  90° 
tolOO^o.) 

Grew  to  height 
in  Inches. 

Had 

Seeds. 

Bemarks. 

I 

0.1  grm.  of  Nitrate 
of  Ammonia  .    . 

.     1.17     . 

i  l=u  \ 

17 

n 

0.1  grm.  of  Nitrate 
of  Ammonia  and 
0.5  grm.  of  Chlo- 

ride of  PotaMium 

.    0.24    . 

.    .    .  10  . 

0 

Onljr  1  i^ant. 

m 

0.1  grm.  of  Nitrate 
of  Ammonia  and 
0.6  grm.  of  Phos- 

phate of  Soda    . 

.    1.40    . 

...  17  . 

11 

Only  1  plant 

IV 

0.1  grm.  of  Nitrate 
of  Ammonia  and 

0.5  grm.  of  Phos- 
phate of  Idme    . 

.    1.88    . 

!  1=1?  1 

7 

• 

V 

Nothing    .... 

.    0.04    . 

.    •    .    5  . 

0 

VI 

0.5  grm.  of  Chlo- 

i   1=-.   8   i 

ride  of  Potassium 

.    0.04    . 

0 

vu 

0.5  grm.  of   Phos- 

(   1=   6    J 
1=   5 

phate  of  Soda   . 

.  ao5  . 

0 

vra 

0.5  grm.  of  Phos- 

1 1=S! 

phate  of  Lime   . 

.    0.04  \ 

0 

IX 

0.25  grm.  of  Nitrate 
of  Soda.    .    .    . 

.    I.Od    . 

!  1=15 ! 

9 

The  results  obtained  in  t^is  series  of  experiments  are  not  quite  so 
high  as  those  reported  on  page  64,  because  the  method  of  mixture  here 
used  is  inferior  to  the  method  of  watering  with  saline  solutions  that 
was  employed  in  the  other  case.  The  experiments  tend  to  show  that 
the  nitrates  of  soda  and  of  lime  are  useful  additions  to  the  green  sand. 
They  probably  liberate  some  of  its  potash,  besides  supplying  nitrogen. 
Growth  of  Buckwheat  in  Mixtures  of  Peat  or  Loam  and  Berkshire 
Sand, — The  following  experiments  were  made  in  the  winter  of  1873- 
74.    Three  seeds  were  sown  upon  the  same  day, — November  25, 1 873, 
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— Uie  jan  stood  side  by  side,  and  they  were  all  watered  with  rain-witer 
throoghout  the  experiment.  The  glass  preserve  jars  of  this  set  d 
experiments  were  charged  as  follows :  — 


• 

No.  of 
theJftr. 

Contents  of  the  Jar. 

The  Cropa,  harrested  Feb.  20,  U74, 

1 

Weighed 

In  grms. 

(Dried  at 

M*  to  100*0) 

Grew  to 

height  in 

inches. 

Had 
Seeds. 

Bemarks. 

I 

-k 

/  1  —  13  ^ 

Biueey  Plain-field  and 

•    1.230    . 

1-lU 

18 

700    gnna.    Berkihlre 

9 

'  1  —    0 

Sand 

1 

m    ^^       w      ' 

n 

1 

(1-lOJ) 
{1-10  { 

Broadfields  Farm  and 

•    0.7e5    . 

s 

700   grmi.    Berkshire 

<1-   9  1 

Sand 

1 

A    ^^"        vr 

m 

000  grmt.  Loam*  from 

^1  —  19  \ 

1.  and 

(  The  plants  were 

Mr.H.SaltonstaU'sold 

•    2.480    . 

1-16 

Aft       flBSa^A 

several 

BtiU  green  and 

Pasture  and  700  grms. 

<i-io) 

flowers 

immature  whan 

Berkshire  Sand  .    .    . 

1 

harvested. 

IV 

250  grms.  Peat  fh>m  Bos- 

■ 

sey  Farm,  &  375  grms. 

1.790    . 

{2.12  1 

10 

Berkshire  Sand  .    .    . 

• 

V 

300  grms.  Peat  fh>m  Dab- 

• 

• 

nej    Estate  and  460 

0.976t  . 

r  1  - 17  } 

(  1-12   ) 

12 

Only  2  planti. 

grms.  Berkshire  Sand 

• 

VI 

SO    grms.    Kaolin    and 

■k 

1200  grms.  Berkshire 

o.ioot . 

(1-    7   } 
\  1-   6i» 

H 

Only  2  plants. 

Sand 

vu 

46  grms.  Pipe  Claj  and 

1 

1300  grms.  Berkshire 

o.oaot . 

.  1-   7  . 

1 

Only  1  plant. 

Sand 

< 

vin 

Berkshire  Sand  alone    . 

.  o.ioot . 

{\zf} 

0 

Only  2  plants. 

Lest  the  absolute  smallness  of  the  figures  in  the  above  table  should 
mislead  the  reader,  it  may  be  remarked  that  the  amount  of  crop  har- 
vested from  jar  No.  3  was  at  the  rate  of  some  7,000  lbs.  of  dry  buck- 
wheat straw  to  the  acre  of  land.  This  estimate  is  based  upon  the  fact 
that  the  quart  of  mixed  soil  in  the  jar  weighed  2^  -{-  Ibs^  whence  the 
weight  of  an  acre  of  it  taken  to  the  depth  of  one  foot  (^^  43,560  C.  F.) 
would  be  about  3,250,000  lbs.  The  amount  of  straw  harvested  from 
jar  No.  8  on  the  other  hand  was  at  the  rate  of  285  lbs.  to  the  acre. 

*  Id  the  loam  from  Bussej  Plaid-fleld,  dried  at  10(K>  C,  analysis  indicated 
0.24%  of  nitrogen ;  In  that  firom  Broadfields  Farm,  0.27%,  and  in  that  from  Mr. 
SaltonstaU's  Pastare,  0.20%. 

t  Only  two  plants.  |  Only  one  plant 
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Compare  the  results  recorded  in  the  table  below,  where  the  plants 
were  fed  with  potash  and  phosphoric  acid. 

It  has  already  been  shown,  on  pages  63  and  65,  that  good  crops  may 
be  got  from  the  sterile  Berkshire  sand,  by  adding  to  it  the  various  ele- 
ments of  plant-food  ;  and  the  same  remaris:  is  true  of  the  mixtures  that 
contained  kaolin  and  pipe-day  in  the  present  set  of  experiments. 
These  &cts  ^re  of  course  no  more  than  paiticular  instances  of  the  well- 
known  truth,  that  has  often  been  illustrated,  that  several  kinds  of  food 
are  needed  by  plants,  and  that  the  absence  of  either  of  them  is  fatal  to 
the  life  of  the  plant  But  the  figures  of  the  last  table,  on  being  com- 
pared among  themselves  and  with  those  of  the  tables  on  pages  54  to 
65,  show  clearly  that  the  loams  and  peats  of  jars  Nos.  1  to  5  afforded  a 
very  considerable  supply  of  each  of  the  elements  of  food  needed  by 
the  plants  that  were  grown  upon  them. 

For  the  present  it  concerns  us  particularly  to  remark  that  nitrogen 
was  supplied  to  the  plants  in  abundance  by  each  of  the  peats  and 
loams.     The  significance  of  this  fact  will  appear  even  more  clearly  on 


No.  of 
the  Jar. 


I 
U 

in 


IV 
V 

VI 

vn 
vm 


The  Jar  contained  a 
mixture  of  Sand  (Bee 
pa^  258)  and 


Plain-field  Earth  .    .    . 

Loam  ftxMn  Mr.  Apide- 
ton*8  Broadfields  Farm 

Loam  firom  Mr.  Salton- 
stall'B  Fastoie   .    .    . 


BnneyPeat 


DabneyPeat     .    .    . 


ITttnUn 


P^Claj 


Sand  alone 


The  Crops 


Weighed 

in  grms. 

(Dried  at 

90*tol00'o.) 


.    1.820 

I    1S32 
\    2.1S1 


2.190    . 
1.410«  . 

o.ias* . 


0.120 


.    0.090 


Grew  to 

height  in 

inches. 


I  2-15  } 

(  1  »13  f 

=  17  J 

.12 

-10  ) 


2 
1 

1: 

.  3- 


1 
1 
1 
1 
1 


11: 


IS 

12  ) 

12*1 
8J< 


llzV 


Had 
Seeds. 


22 
23 

7,  and 

many 

flowers 

14 

11,  and 

nuuij 

flowers 

3* 
1 


Bwnarkii 


The  plants  weie 
very  green,  and 
not  nearly  ripe 
whenharrested. 


iOnly  2  plants,  not 
yet  ripe. 

Only  2  plants. 


Only  two  plants. 
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contr^tiDig  the  figures  of  the  table  on  fMige  258  with  those  of  the 
table  next  precedent,  relating  to  green  sand.  It  is  higblj  uoprobabk 
that  either  of  the  soils  in  the  above  list  was  richer  in  the  inorganic  con- 
stituents of  plant  food  than  green  sand ;  and  yet,  thanks  to  the  ftitcogeis 
natural  to  the  peats  and  loams,  they  were  able  to  bear,  witboot  mj 
mannring,  as  good  crops  as  were  got  from  the  green  sand  to  which 
nitrates  had  been  added. 

Hie  same  point  is  still  ftuther  illustrated  by  the  experiments  tabu^ 
lated  on  page  259,  which  were  made  simaltaneously  with  the  expeii- 
ments  of  page  25B.  The  several  jars  contained  similar  mixtures  of 
sand  and  lo^m,  &e.,  in  both  series  of  experiments,  but  those  of  the  taUs 
on  page  25Q  were  watered  with  a  solution  of  phosphate  of  potash 
containing  0.25  gramme  of  that  oompound  to  the  litre. 

Analogous  results  were  obtained  from  another  set  of  jars  that  wen 
watered  both  with  a  solution  of  phosphate  of  potash  and  of  sulphate 
of  lime.  Thus,  for  example,  there  was  obtained  from  jar  No.  3  in  that 
case  2.530  grammes  of  dry  crop,  and,  from  jar  No.  6,  0.19  granmie. 

The  significance  of  the  soil  nitrogen  will  be  seen  from  a  s<»^what 
difierent  point  of  view  in  the  following  table  of  experiments  (p.  261), 
made  at  the  same  time  as  the  foregoing  and  under  precisely  similar  con- 
ditions, in  which  the  jars  were  watered  with  a  liquid  composed  of  equal 
volumes  of  a  solution  of  nitrate  of  potash  (1.25  grammes  to  the  litre), 
and  a  solution  of  phosphate  of  potash  (0.^5  gramme  to  the  litre). 

Many  other  experiments  of  this  sort  have  been  made  with  the  sev- 
eral peats  and  loams,  both  by  th^nselves  and  admixed  with  various  pro- 
portions of  sand ;  and  these  mixtures  have  been  watered  with  solutions 
of  difierent  salts  and  mixtures  of  salts,  but  the  results  have  always 
pointed  directly  to  one  and  the  same  conclusion ;  viz.,  that  the  soil^ 
nitrogen  was  readily  made  use  of  by  the  plants,  except  in  those  cases 
where  the  physical  condition  of  the  soil  was  unsuitable  for  their  life  and 
growth. 

It  would  be  natural  at  this  stage  of  the  inquiry  to  illustrate  the  coui* 
elusion  still  further  by  calcining  the  several  soils  in  order  to  destroy 
their  organic  matter,  and  then  growing  plants  in  the  residoiil  sand  or 
ashes ;  but  there  is  happily  no  need  of  taking  any  trouble  of  that 
sort  since  £.  Wolfi*  has  done  the  very  thing  already  in  certain  experi* 
ments  made  by  him  long  ago,  to  prove  the  utility  of  nitrates  and  of 
ammonium  salts  considered  as  manures.     As  the  result  of  many  trials, 
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Ko.or 

the  Jar. 


The  Jar  contained  a 
mixture  of  Sand  <tee 
page  206)  and    ^ 


I      Plain-field  Earth  .    .    . 


n 
in 

IV 


VI 


vn 


vm 


Loam  from  Broadflelde 
Farm 

Loam  from  lir.  Salton- 
•tall's  Pastort    .    .    . 


BoMey-Peat 


DabneyPeat 


Kaolin 


Pipe  Clay  . 


3aiidalone    .    .    . 


The  Grope 


Weighed 

ingrms 

(Dried  at 

90*  to  100*0.) 


Grew  to 

height  in 

inches. 


.  2.150  . 

I  1.7TO  . 

I  2.790  . 

.  3.040 


.    LOW  . 
.    1.630*  . 


.    Lost    . 
.    0.020*  . 


(2^14  } 


12 
15 
13 
10 


3-17    I 

1-17  J 
1»15  { 
iBl3  ) 

(  1-13  > 
I  1-16  I 
(1-14  i 


1 
1 
1 
1 
1 


\\z 


15  J 

9j) 
13} 


Had 
Seeds. 


22 

5»  and 
afev 

flowers. 

33,  and 
many 

flowers 

82 


Remaitei. 


14,  and 
several 
towers 

30 

6,  and 

several 

flowers 


!None  of  the  planti 
were  ripe. 


Only  2  plants. 


Only  2  plants. 


Only  2  plants. 


Wolff  t  found  that  oats  aixd  barlej,  and  indeed  '^  almost  any  kind  of 
annual  plant,**  may  be  grown  just  as  well  or  even  better  in  calcined 
loam  or  garden  earth  that  has  been  mixed  with  a  small  proportion  of 
an  ammonium  salt  or  a  nitrate,  as  they  can  in  the  original  uncalcined 
earth  to  which  no  fertilizer  has  been  added. 

Some  sets  of  Wolff's  experiments  were  made  in  pots  of  impermeable 
stoneware  and  others  in  glass  jars.  In  some  of  the  comparative  trials 
he  watered  the  soils  with  rain-water,  and  in  others  with  distilled  water ; 
hut  one  and  the  same  conclusion  was  always  reached.  The  plants 
grew  normally  and  even  laxnriantly  both  in  the  original  garden  earth 
and  in  the  calcined  earth  to  which  nitrogeneous  matters  were  added ; 
hut  in  those  pots  of  the  calcined  earth  which  were  left  free  from  any 
addition  of  nitrogenized  matters,  the  plants  were  always  miserable 
dwarfe,  of  unhealthy  aspect. 

*  Onlj  two  plants. 

t  See  hit  "  Praktiscbe  DOngerlehie/'  Beriln,  1872,  pp.  5,  6, 15, 17 ;  and  his 
original  papers,  noteblj  that  in  '*  Chemisch-Phannaceutlschefl  Central-Blatt,' 
1862, 33. 657. 
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It  will  naturally  be  asked,  hoV  it  happened  that  Boossingault,  in  hit 
experiments,  already  alluded  to  on  page  252,  arrived  at  conclusions  so 
unlike  those  to  be  drawn  from  the  results  of  Wolff  and  myself.  I 
think  the  chief  reason  why  the  plants  in  Bous^gault's  trials  derived 
so  little  support  from  the  soil-nitrogen,  will  be  found  in  the  hct  thtt 
the  quantities  of  loam  employed  by  him  were  both  comparatiyely  and 
absolutely  very  small.  The  following  examples  will  give  a  general 
idea  of  the  character  of  Boussingault's  mixtures.  They  are  taken 
from  the  first  volume  of  his  "  Agronomic,  Ac." :  — 


The  mixture  consisted  of 

Page  299. 

Page  304. 

Pago  331. 

Page:M3. 

Pageast 

Oftrden  Loam    .... 
Sllicioos  Sand    .    .    .    . 
Fragments  of  Quarts .    . 
Ashes  of  Hay    .... 
Phosnhate  of  Lime     .    . 

laogrms. 

1000  grms. 

SOOgrms. 

0.2  grm. 

130  grms. 

200  grniH. 

300  grms. 

0.1  grm. 

130  grms. 

100  grms. 

SOgnna 
125  grms. 
•    .    .   . 
0.05  gnn.* 

0.1  gno. 

160  grms. 
0.1  grm.* 

75  grms. 

0.00  grm.* 

0.1  grm. 

Wolff,  on  the  other  hand,  commonly  took  at  least  200  grammes  of 
earth,  by  itself,  for  each  of  his  experiments,  and  apparently  he  some- 
times used  more.  The  quantities  of  peat  and  loam  employed  in 
my  own  experiments,  as  reported  above,  ranged  from  230  to  500 
grammes ;  and  I  have  found  by  other  experiments  that  less  favorable 
results  are  obtained  when  quantities  much  smaller  than  these  are  em- 
ployed,  or  when  a  very  large  proportion  of  sand  or  other  inert  material 
is  mixed  with  the  loam.  The  following  table  will  illustrate  the  latter 
point    The  experiments  to  which  it  refers  were  made  in  the  spring 


No.  of 
Jar. 


1 
2 
8 

4 
6 
6 


The  Jar  contained 


Loam  from 
BufiHey  Plain- 
field,  gnus. 


2000 
1000 
800 
600 
200 
000 


Berkshire 
Sand,  grms. 


0000 

1000 
1200 
1600 
1800 
8000 


of 
Loam 

to 
Sand. 


1 
1 
1 
1 
1 
0 


0 
1 

3 
9 
1 


The  Crop,  harvested  May  22, 1873, 


Weighed  In 
grms.     Dried 
at90<>tol00<'a 


.  4.00    . 

•        •    mmMJ§  . 

Nothing  grew 
.  0.25t.    . 


0.18 


Grew  to  height 
In  inches. 


11, 19,  25, 26 

.  20to24    . 

8,20,21,26 


15 
T 


Hsd 
Seeds. 


100 
00 
06 

5 
0 


•  Ash  of  dung. 

t  Only  one  plant.     There  were  four  plants  In  each  of  the  other  jan,  ex- 
cepting No.  4. 
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of  1873.  Large  glass  jars  were  used  to  hold  the  mixtures,  four  baok- 
wheat  seeds  were  planted  in  each  jar,  and  the  mixtures  were  watered 
with  rain-water. 

The  mixtures  in  jars  Nos.  4  and  5  of  this  set  of  experiments  were 
manifestly  ill-suited  for  the  growth  of  buckwheat.  Not  a  single  sprout 
appeared  from  the  seeds  that  were  planted  in  No.  4,  and  some  ger- 
minated seeds  that  were  subsequently  planted  in  that  jar  failed  to  take 
root  The  seeds  originally  planted  in  jar  No.  5  likewise  failed ;  but 
one  of  the  four  germinated  seeds  that  were  afterwards  planted  there 
grew  with  the  results  above  stated.  The  small  gain  in  the  weight  of 
crop  No.  5  over  and  above  the  weight  of  that  obtained  in  No.  6,  firom 
sand  alone,  has  a  certain  interest  in  connection  with  some  of  Boussiu- 
gault's  results.  For  it  is  to  be  noted  that  his  crops  obtained  from  mix- 
tores  of  loam  and  sand,  equally  unfavorable  with  those  in  Nos.  4  and 
5  £or  the  growth  of  plants,  weighed  more  than  the  crops  obtained  by 
him  under  similar  circumstances  from  mixtures  that  contained  no  nitro- 
gen. Thus  a  maize  plant  grown  by  Boussingault  (page  352)  in  a  mix- 
ture containing:  garden  loam,  50  grammes ;  fragments  of  quartz,  125 
grammes ;  ash  of  dung,  0.05  gramme,  and  phosphate  of  lime,  0.10 
gramme,  in  which  the  ratio  of  loam  to  sand  was  as  1  to  2},  gave  a 
crop  that  weighed  0.675  gramme ;  while  another  maize  plant  grown 
(page  354)  in  a  mixture  of  125  grammes  quartz  fragments,  30  grammes 
powdered  pumice  stone,  and  0.01  gramme  ash  of  dung,  gave  a  crop 
that  weighed  0.289  gramme.  In  the  latter  case  the  dry  crop  weighed 
1^  times  as  much  as  the  seed,  and  in  the  former  a  little  less  than  three 
times  as  much  as  the  seed. 

So,  too,  a  dwarf  bean  grown  by  Boussingault  (page  348),  in  a  mix- 
tare  of  100  grammes  loam,  75  grammes  quartz  fragments,  0.05  gramme 
ash  of  dung,  and  0.1  granune  phosphate  of  lime  (ratio  of  loam  to 
sand  =1  to  }),  gave  a  crop  that  weighed  3.434  grammes,  or  C/^  times 
the  weight  of  the  seed  ;  another  (page  315),  grown  in  50  grammes  of 
loam  by  itself,  gave  a  crc^  equal  to  1.89  grammes,  or  4^  times  the 
weight  of  the  seed ;  another  (page  312),  grown  in  40  grammes  of  the 
loam  by  itself,  gave  a  crop  .equal  to  1.1  gramme,  or  three  times 
the  weight  of  the  seed ;  while  one  grown  without  loam  (page  351),  in 
a  mixture  of  100  gnunmes  quartz  fragments,  40  grammes  pumice  stone, 
and  0.1  gnunme  ash  of  dung,  gave  a  crop  equal  to  0.967  gramme,  or 
twice  the  weight  of  the  seed. 
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Again,  2  hemp  seeds  planted  in  40  grammes  of  the  h>am  mixed  wi& 
some  fragments  of  qoBTtz  (p^  309)  gave  a  crop  equal  to  0^^ 
gramme,  or  five  times  the  seed ;  while  in  a  previous  year  (page  258),  6 
hemp  seeds  j^anted  in  a  mixture  of  815  grammes  quartz  sand^  2 
gnunmes  phosphate  of  lime,  and  O.d  gramme  ash  of  hay,  gave  a  crop 
equal  to  0.305  giramme,  or  about  twice  the  weight  of  the  seeds.^ 

It  is  to  be  remarked  that  in  many  of  Bonssingault's  experiments  with 
sand  or  other  inert  matters  mixed  with  the  ash  ingredients  of  phmts, 
but  totally  devoid  of  nitrogra,  he  planted  comparatively  large  seeds, 
such  as  those  of  hipins  and  beans,  whidi  contain  in  themselves  so  modi 
nitrogen  that  the  plants  can  grow  to  a  considerable  height  at  its  ex- 
pense. Attention  has  already  been  called  in  this  ^  Bulletin,"  page  52,  to 
the  power  ai  such  plants  to  form  new  shoots  and  leaves  by  the  repeated 
use  of  a  single  measure  of  nitrogen  originally  got  ttcm.  the  seed.  It 
is  not  at  all  strange,  therefore,  that  dry  crops,  weighing  three  or  fimr 
times  as  much  as  the  original  seed,  should  sometimes  be  obtained  from 
soils  devoid  of  nitrogen,  when  the  seeds  planted  are  lai^,  and  of  ^nds 
that  are  rich  in  nitrogen. 

Doubtless  one  reason  why  so  severe  a  conclusion  against  the  signif- 
icance of  the  soil-nitrogen  has  been  drawn  from  Boussingault's  experi- 
ments depends  upon  the  indubitable  fact  that,  in  cold  climates  at  least, 
there  is  a  very  clearly  marked  and  a  wide  difference  between  the  soil- 
nitrogen  and  the  active  forms  of  that  element  which  are  found  in 
such  compounds  as  the  nitrates  and  ammonia-salts  that  are  commonly 
used  as  manures.  This  ^ferenoe  is  to  be  seen  both  in  respect  to  the 
rapidity  of  action  of  the  active  forms  of  nitrogen  upon  the  grow& 
of  plants,  and  the  comparative  slowness  of  action  of  die  soil-nitrogen, 
and  also  in  the  greater  or  less  degree  of  completeness  with  whidi 
the  plants  can  consume  the  nitrogen  of  the  diverse  forms,  or,  in  other 
words,  remove  it  from  a  given  vc^ume  of  earth.  Since  one  <^  the 
chief  features  of  Boussingault^s  work  condsted  in  the  capital  illos- 
tradons  he  gave  of  the  great  acdvity  and  usefulness  of  tiie  nitrates 
as  purveyoi^  of  nitrogen  to  the  plant,  it  is  no  wonder  that  he  himself 
was  disposed  to  value  but  lightly  the  nitrogen  of  his  garden  soil  whea 
he  found,  for  instance  (page  321),  that  a  pot  containing  0.1  gramme 
of  the  element  in  that  form  gave  a  crop  of  hemp  weighing  only  five 

*  Compare  the  early  experiment  of  Boussingault  {"  Agronomie/'  L  66),  in 
which  cresses  grown  in  a  sufficiency  of  garden  soil  yielded  abmidant  crops. 
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times  as  mach  as  the  seed,  while  another  pot  that  contained  the  same 
amomit  of  nitrogen  (0.1  gramme)  in  the  form  of  a  nitrate,  gave  a  crop 
that  weighed  fourteen  times  as  much  as  the  seed,  although,  as  has  just 
heen  shown,  the  crop  firom  the  garden  soil  was  two  or  three  times  as 
good  as  that  firom  a  soil  totally  devoid  of  nitrogen ;  or  that  he  was 
surprised  to  find  in  his  experiments  with  lupins  that  0.34  gramme 
of  the  soil-nitrogen,  that  is  to  say,  as  much  of  that  element  as  is  con- 
tained in  2  or  3  grammes  of  saltpetre,  gave  crops  that  were  but  little 
if  any  better  than  those  got  from  sands  devoid  of  nitrogen,  but  charged 
with  the  ash  ingredients  of  plant  food. 

The  experiments  made  by  Boussingault  really  proved,  not  that  the 
soil-nitrogen  is  of  little  worth,  but  that,  as  is  indicated  by  a  mass  of 
other  evidence,  it  is  generally  speaking  far  less  valuable  than  the 
nitrogen  contained  in  manures.  In  other  words,  he  found  that  very 
much  more  nitrogen,  taken  as  it  exists  in  loam,  is  required  to  pro- 
duce a  given  effect,  than  when  taken  in  the  form  of  a  nitrate  or  of  an 
ammonium  salt 

The  following  experiments  by  Professor  Johnson,*  of  New  Haven, 
afford  an  excellent  example  of  the  use  that  can  be  made  of  the  soil- 
nitrogen  by  plants  that  are  well  supplied  with  the  ash  ingredients  of 


No.  of 
the  Pot. 


1 

2 
8 

4 

6 
6 

7 
8 

9 
10 


11 
12 


The  Pot  contained 


} 


270  grms.  of  Peat 

270  grms.  Peat,  pins  10  grms.  of  ashes 
of  young  grass 

270  grms.  Peat,  plus  10  grms.  of  the 
ashes,  and  10  grms.  Carbonate  of 
Lime 

270  grms.  Peat,  pins  10  grms.  of  the 
ashes,  and  10  grms.  of  Hydrate  of 
Lime 

270  grms  Peat,  pins  10  grms.  of  the 
ashes,  and  5  grms.  of  Lime  slaked 
with  a  strong  solution  of  common 
Salt 

270  grms.  Peat,  plus  10  grms.  of  the 
ashes,  and  3  grms.  Perurian  Guano 


The  Crop  weighed, 
air  dried,  grms. 


4.20 


\    2.60  i 

\  18.25  f 

i  ^«-l»  I    38.44 
I  20.25  ' 

I  21«  }    42.22 
1  20.73  J 

1  23.34  ' 

{  26.T9  I    53.78 
I  26.00  > 


The  Crop 

weighed  more 

than  the  Seed, 

times 


2J 
20J 

28^ 


8H 
8H 


•  Copied  from  his  work  ^titled  **  Peat  and  its  Uses/'  New  York,  1866, 
p.  79. 
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their  food,  and  are  made  moderately  comfortable  in  respect  to  tbdr 
physical  surroundings.  The  experiments  were  made  in  earthen 
flower-pots.  Five  kernels  of  dwarf  m^ize  (pop-corn)  were  planted  in 
each  pot ;  and  each  of  the  trials  was  made  in  duplicate. 

It  is  apparent  that  the  experiments  of  Wolff  really  afforded  a  capital 
illustration  of  the  importance  of  the  soil-nitrogen  for  the  support  of 
plants.  But,  ^  has  been  said  already,  they  were  made  to  elucidate 
another  matter ;  and,  at  the  time  when  they  were  made,  it  was  commonly 
believed  that  most  soils  contained  considerable  amounts  of  ammonium 
compounds  available  for  the  growth  of  plants.  So  long  as  that  belief 
lasted,  there  was  no  special  motive  to  consider  the  results  from  the  present 
point  of  view ;  and  Wolff's  experiments  consequently  stood  for  no  more 
than  one  item  of  proof,  among  many  others,  that  plants  can  perfectly  well 
make  use  of  artificial  supplies  of  ammonia.  But  so  soon  as  it  had 
been  shown  by  the  researches  of  Boussingault,*  and  of  Knop  and 
Wolf,'!'  that  there  is  usually  no  more  than  an  insignificant  trace  of  am- 
monia in  the  soil,  the  experiments  of  Wolff  acquired  a  new  meaning, 
for  they  point  just  as  clearly  to  the  presence  in  the  soil  of  a  supply  of 
nitrogen  useful  for  plants,  as  they  do  to  the  possibility  of  growing 
plants  in  the  ashes  of  soil  to  which  nitrates  and  ammonium  salts  have 
been  added. 

The  results  both  of  Wolff  and  myself  agree  perfectly  with  those 
obtained  by  Hellriegel  t  and  by  Lawes,  Gilbert,  and  Pugh,§  who,  for 
the  sake  of  controlling  certain  experiments  made  by  them  for  other 

♦  "  Agronomie,"  3.  220. 

t  "  Landwirthschaftliche  Versuchs-Stationen,"  1861,  3.  pp.  109, 207.  In  fire 
diflferent  samples  of  soils,  Knop  and  Wolf  (p.  209)  found  no  more  than  from 
O.OOOl  to  0.00087  gramme  of  ammonia  for  every  100  grammes  of  the  soil, 
regarded  as  absolutely  drj. 

In  numerous  samples  of  rain-water  (p.  120)  they  found  from  0.00003  to 
0.0008  gramme  ammonia  to  100  grammes  of  the  liquid ;  or,  in  other  words, 
from  8  ten-millionths  to  8  millionths.  In  the  locality  where  the  experiments 
were  made,  Moeckem,  near  Leipzig,  there  was  usually  no  more  than  from  one  to 
two  millionths  of  ammonia  in  the  rain-water,  though  occasionally  the  p^opo^ 
tion  rose  to  three-millionths. 

In  dew  and  hail  they  found  two-millionths  of  ammonia,  and  in  snow  from  one 
to  three-millionths.  Well-water  usually  contains  no  ammonia,  and  the  waters 
of  rivers  and  ponds  contain  rather  less  than  rain-water  (p.  127). 

t  Hoffmann's  "  Jahresbericht,"  1861,  4.  112. 

§  "Philosophical  Transactions  of  the  Royal  Society  of  London,"  1861, 15L 
pp.  484,  535,  557,  574,  and  figure. 
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purposes,  grew  barley  in  the  one  case,  and  barley,  wheat,  aud  beans  in 
the  other,  in  pots  of  garden-earth  that  were  watered  with  water  that 
had  been  thoroughly  freed  from  nitrogen  compounds.  These  investi- 
gators obtained  luxuriant  crops  from  their  pots  of  garden-earth,  though 
the  plants  grown  in  this  earth  got  no  nitrogenous  food  beside  that 
naturally  contained  in  the  soil.  In  the  experiment  of  Lawes,  Gilbert, 
and  Pugh,  the  earth  and  plants  were  even  shielded  from  the  ammonia  of 
the  air,  which  was  formerly  supposed  by  some  chemists  to  be  suffici- 
ently abundant  to  exert  an  appreciable  influence  upon  the  growth  of 
plants. 

It  is  remarkable  that  so  little  attention  has  been  paid,  of  late  years, 
not  merely  to  these  experiments,  but  to  the  great  general  fact,  which 
has  in  reality  long  been  known,  that  plants  can  in  some  way  obtain  a 
great  deal  of  nitrogenous  nourishment  from  the  vast  stores  of  nitrogen 
that  are  contained  in  the  humus  of  the  soil.*  For  from  the  moment 
when  the  fallacy  of  the  notion  that  there  is  ammonia  enough  in  the 
soil  and  air  and  rain-  to  support  the  growth  of  wild  plants  of  the  higher 
orders  had  once  been  generally  recognized  and  admitted,  there  has 
been  urgent  need  not  only  of  a  true  explanation  of  certain  &cts  that 
had  formerly  been  considered  as  part  and  parcel  of  the  erroneous 

*  It  was  shown  long  ago  by  the  analyses  of  Krocker  ("  Annalen  der  Chemie 
and  Pharmacie/'  1B46,  58*  881 ),  and  those  published  in  1849  by  the  Prussian 
Landes-cckonomiecollegium  (cited  in  ''  Die  Inndwirthschoftlichen  Versuchs- 
Stationen/'  1861,  3.  ^14),  that  cultirated  soils  rarely  contain  less  than  0.10%  of 
their  weight  of  nitrogen,  and  often  much  more.  A.  Muller  (see  Hoffmann's 
"  Jahresbericht/'  1862,  5.  46,  and  1866,  9.  85),  as  the  result  of  the  examination 
of  a  considerable  number  of  Swedish  soils,  found  on  the  average  0.66%  of  nitro- 
gen in  the  surface-soil  of  limestone  regions,  0.26%  of  nitrogen  in  the  surface- 
soil  of  regions  poor  in  lime,  and  0.15%  in  the  subsoils  of  the  latter.  In  several 
instances  he  found  as  much  as  from  0.90  to  0.96%  of  nitrogen.  The  proportion 
of  nitrogen  in  the  organic  matters  of  these  soils  was  on  the  average  4.6%  in  the 
case  of  the  soils  from  limestone  regions,  and  3.7%  in  the  soils  poor  in  lime.  The 
results  of  Muller  are  surprisingly  similar  to  those  obtained  subsequently  by 
Grouven  (Hoffmann's  "  Jahresbericht,"  1867,  lOo  85)  in  his  analyses  of  a  large 
number  of  German  soils,  fit  for  the  growth  of  sugar  beets.  See,  further, 
Hoffmann,  in  his  **  Jahresbericht,"  1859,  2*  pp.  51-57.  In  the  remarkably  fer- 
tile **  black  earth  "  of  Russia,  Krocker  found,  in  ono  instance,  0.4%  of  nitrogen, 
and  E.  Schmid  (See  Liebig  &  Kopp's  "  Jahresbericht,''  1849,  2.  660)  from  0.33 
to  0.99%.  In  30  samples  of  American  peats,  Johnson  ("  Peat  and  its  Uees," 
p.  83)  found  from  0.4  to  2.9%  of  nitrogen.  In  11  analyses  of  European  peats, 
collated  by  Websky  (Hoffmann's  "  Jahresbericht,''  1864,7.  7),  Uie  percentage 
of  nitrogen  ranges  from  0.77  to  2.59. 
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doctrine^  but  also  of  a  just  appreciation  of  the  significance  of  the  so- 
called  inert  soil-nitrogen.*  Much  light  has  indeed  been  thrown  upon 
the  subject  indirectly  by  experiments  upon  the  formation  of  nitrates 
in  the  soil,  as  will  be  mentioned  hereafter.  But  it  would  almost  seem 
as  if  the  not  unnatural  anxiety  of  chemists  to  detect  and  explain  the 
conditions  and  drcumstanoes  under  which  the  nitrogen  of  dead  v^e- 
table  or  animal  matters  may  be  changed  into  nitrates  or  ammoniom 
salts  had  distracted  the  attention  of  many  of  them  from  the  funda- 
mental fact  that  under  certain  conditions  the  nitrogen  of  vegetable 
mould  is,  in  part  at  least,  available  for  the  support  of  growing  plants. 

It  is  the  purpose  of  the  present  paper  to  uphold  this  cardinal  &ct, 
and  to  urge  that  in  the  existing  condition  of  agricultural  knowledge  it 
is  equally  important  that  the  fact  itself  should  be  recognized  and  in- 
sisted upon,  and  the  general  conditions  which  influence  or  control  it 
observed,  as  that  the  precise  manner  or  form  in  which  the  nitrogen 
natural  to  the  soil  gets  into  the  plant  should  be  studied.  It  has  be^ 
unfortunate  that  many  chemists  in  their  haste  to  discard  certain  erro- 
neous views  with  which  the  subject  was  at  one  time  encumbered,  have 
well-nigh  lost  sight  of  several  £icts  that  were  greatly  insisted  upon  by 
some  of  the  earlier  chemists  and  by  not  a  few  agricultural  writers.  It 
would  be  unprofitable  in  the  present  connection  to  consider  the  varioiiB 
theories  and  speculations  that  led  to  this  result,  or  even  to  dwell  upon 
the  old  facts  which  the  theories  obscured ;  since  there  is  no  lack  either 
of  experimental  proof  with  which  to  illustrate  the  present  argiunent,  or 
of  examples  that  may  be  drawn  from  modern  field  practice.  No  mat- 
ter how  our  knowledge  of  the  truth  that  the  soil-nitrogen  may  be  used 
by  plants  has  been  acquired,  it  is  manifest  that  the  simple  fact  has  a 
certain  practical  value  which  may  be  discussed  as  a  subject  by  itself  and 
upon  its  own  merits,  quite  independently  of  any  historical  interest,  or 
of  the  scientific  question  whether  the  nitrogen  is  first  changed  to  a 
nitrate  before  the  roots  can  absorb  it,  or  whether  it  enters  their  pores 
in  some  form  that  is  at  present  wholly  unknown  to  us. 

♦  Mulder  (in  his  "  Chemie  der  Ackerknime,"  2.  pp.  153-188)  has  given  an 
excellent  gummary  of  what  was  known  about  the  nitrogen  of  the  soil  at  the 
time  when  his  book  was  written ;  but,  as  he  wrote  under  the  conviction  that  the 
soil  contained  much  ammonia>  the  general  tone  of  his  discussion  of  the  subject, 
and  some  of  his  conclusions,  are  very  different  from  what  they  undoubtedly 
would  have  been  if  the  real  insignificance  of  the  ammonia  in  the  soil  had  been 
fully  recognized. 
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It  is  undoubtedly  true  that  in  localities  where  artificial  fertilizers  can 
be  readily  procured,  farming  could  be  carried  on  successfully  without 
the  presence  of  any  humus  in  the  soil.  This  point  has  been  proved 
not  only  on  the  small  scale,  by  the  experiment^  of  StOBckhardt,  Wolfi^ 
and  many  other  observers,  but  by  actual  fetrming  practice  in  Belgium.* 
But  while  it  must  be  admitted,  that,  strictly  speaking,  the  presence  of 
humus  in  the  soil  cannot  be  accounted  an  indispensable  condition  for 
the  growth  of  excellent  crops,  it  is  still  true  that  most  soils  do  contain 
more  or  less  of  it ;  that  its  nitrogeneous  constituents  are  to  a  certain 
extent  useful  for  the  growth  of  plants ;  and  that  it  is  the  fiumer's  busi- 
ness to  cultivate  his  land  in  such  manner  that  the  best  possible  eco- 
nomic use  shall  be  made  of  each  and  all  of  its  ingredients. 

Besides  the  familiar  instances  already  cited  of  the  growth  of  flower- 
ing-plants in  pots  filled  with  unmanured  loam  that  is  watered  with 
rain-water,  and  of  wild  plants  in  the  fields  and  forests  that  are  sup- 
ported by  the  stores  of  nitrogenous  (and  other)  matters  that  have 
accumulated  in  the  earth  through  the  decay  of  precedent  vegetation, 
several  other  striking  illustrations  of  the  isLCt  will  be  found  on  study- 
ing the  fimning  practices  of  various  countries  and  localities  where 
special  manures  of  one  kind  or  another  are  habitually  used  with  suc- 
cess. Thus,  it  has  long  been  known,  from  the  writings  of  Bobierre  and 
of  Malaguti,  that  there  are  certain  districts  of  France,  and  especially 
in  Brittany,  where  the  use  of  speni  bone-black  as  a  manure  is  attended 
with  excellent  results.  Even  fresh  bone-black,  and  those  kinds  of 
waste  bone-black  that  contain  no  nitrogen,  produce  useful  effects  in  that 
region,  especially  when  applied  to  land  that  has  been  newly  broken  up.f 
Since  the  use  of  spent  bone-black  by  itself  in  this  way,  as  a  special 
manure,  is  peculiar  to  the  agriculture  of  certain  parts  of  France,  and  is 
a  practice  that  has  rarely,  if  ever,  found  favor  elsewhere,  it  is  but  nat- 
ural to  inquire  what  circumstances  are  there  peculiar  to  that  region 
which  can  account  for  a  castom  so  extraordinary  ?    The  explanation 

*  See  Stceckhardt's  "  Chemische  Ackersmann/'  1856, 2.  pp.  41-54.  Compare 
ibid.,  1861,  7«  198,  and  the  well-known  field  experiments  of  Messrs.  Lawes  & 
GUbert 

t  See,  for  example,  the  recent  edition  of  Bobierre's  "  Lemons  de  Chimie 
Agricole,  Paris,  1872,  the  11th  Lecture,  and  elsewhere,  as  well  as  the  earlier 
writmgs  of  that  chemist,  and  the  printed  reports  of  Malagnti's  Lectures  at 
Kennes. 
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of  the  apparent  anomaly  is  not  far  to  seek.  The  country  aroand 
Nantes  and  Rennes,  and  throughout  the  districts  where*  bone-bkck  is 
so  largely  used,  is  a  region  of  granitic  rocks  rich  in  potash,*  and  the 
clayey  or  gravelly  spils.  (sols  argilosiliceux)  that  have  resulted  from  the 
disintegration  of  these  rocks,  are  naturally  abundantly  provided  with 
one  of  the  important  elements  of  the  food  of  plants ;  namely,  potash. 
There  is  consequently  little  or  no  need  of  applying  a  "  general "  or  **  oodq- 
plete  "  manure  to  these  soils.  But  it  is  plain,  on  the  other  hand,  that  the 
phosphatic  element  of  plant-food  is  lacking  in  these  soils,  since  long 
experience  has  shown  that  phosphate  of  lime  applied  to  them  in  the 
form  of  bone-black  serves  an  excellent  purpose.  The  use  of  potash  as 
a  manure  in  that  region  seems  to  be  well-nigh  or  even  quite  unnecessary ; 
and  it  is  clear,  moreover,  as  it  concerns  us  particularly  to  note  in  this 
connection,  that  the  nitrogen  naturally  contained  in  the  soil  must  play 
a  very  important  part  in  supporting  the  crops  that  are  obtained,  since 
in  actual  farm  practice  the  special  phosphatic  manure  is  used  either 
with  or  without  addition  of  nitrogeneous  manure,  accordingly  as  the 
soil  of  the  field  to  which  it  is  applied  contains  a  small  or  a  large  pro- 
portion of  vegetable  remains.  In  other  words,  the  bone-blacks  that 
contain  no  nitrogen  are  used  upon  new  land,  as  has  been  said,  while 
those  charged  with  blood  and  other  albuminous  matters  are  applied  by 
preference  to  ^  soils  that  have  been  exhausted  by  a  long  course  of  cul- 
tivation *'  (Bobierre,  op.  ctt,  p.  270.) 

The  use  of  wood-ashes  by  themselves  here  in  New  England  and 
elsewhere,  upon  soils  that  are  naturally  poor  in  potash,  is  another  in- 
stance of  the  same  general  character.  It  would  be  easy  to  cite  a  great 
number  of  experiments  in  which  crops  manured  with  ashes  have  mani- 
festly made  use  of  the  nitrogen  in  the  soil.  The  fact  is  particularly 
well  illustrated  in  some  ot  my  own  experiments  upon  the  growth  of 
barley,  beans,  and  ruta-bagas  upon  a  soil  not  specially  rich  in  vegetable 
matters  (see  pages  89, 106, 136,  and  140) ;  since  in  these  experiments  not 
only  wood-ashes  but  simple  potash  salts,  such  as  the  sulphate  and  the  car- 
bonate, applied  in  the  pure  state  gave  excellent  results.  It  has  been 
shown  by  Boussingault  t  that  traces  of  cyanides  and  of  otlier  compounds 
of  nitrogen  are  sometimes  retained  in  the  ashes  of  plants ;  but  the 

*  Bobierre,  op,  at.  (page  106),  gives  the  analysis  of  a  gneiss  ftt>in  this 
region  that  contains  nearly  8%  of  potash, 
t  In  his  <*  AgroDomie/' L  pp.  86-93. 
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amount  of  nitrogen  thus  retained  is  usually  exceedingly  minute,  and 
the  experiments  with  carbonate  of  potash,  and  with  sulphate  of  potash 
just  aUuded  to,  make  it  evident  that  the  nitrogen  which  is  so  freely 
taken  up  by  plants  that  have  been  manured  with  wood-ashes,  cannot  all 
have  come  from  the  paltry  store  within  the  ashes,  but  must  have  been 
derived  for  the  most  part  from  some  other  source.  Even  the  ashes 
produced  in  the  process  known  as  paring  and  burning,  doubtless  act 
like  ordinary  wood-ashes  upon  the  organic  matters  in  the  unbumt  soil, 
and  in  that  which  has  been  half  burnt  or  merely  charred. 

A  specially  noteworthy  instance  of  the  class  now  in  question  is 
found  in  the  use  of  the  so-called  cendres  de  marats,  or  ashes  of 
stable-manure,  upon  a  rich  tract  of  marsh  land  on  the  southwestern 
sea-board  of  France  (Bobierre,  op.  ctV.,  pp.  122,  510).  In  default 
of  other  supplies  of  fuel,  the  inhabitants  of  that  district  burn  the  dung 
and  litter  of  their  farm  animals,  after  it  has  been  formed  into  cakes 
and  thoroughly  dried;  and  although  little  or  no  care  is  taken  to 
protect  the  ashes  from  rain  during  the  winter  months,  the  fertility  of 
the  rich  alluvial  soil  of  the  marshes  is  nevertheless  kept  up  by  means 
of  heavy  dressings  of  these  ashes.  The  marsh  lands  in  question  are 
particularly  rich  in  humus,  and  the  fact  that  they  yield  an  abundant 
supply  of  nitrogen  to  crops  when  manured,  as  has  just  been  stated, 
with  nothing  but  the  ashes  of  dung,  is  really  little  more  remarkable 
than  the  facility  with  which  such  soils  naturally  supply  the  nitrogen 
necessary  for  the  support  of  wild  plants  when  no  manure  of  any  kind 
has  been  applied  to  them.  There  can  be  no  doubt,  for  instance,  but 
that  the  fertility  of  the  famous  ^*  black  earth  "  of  Southern  Russia  is 
largely  dependent  upon  the  nitrogenous  matters  that  are  contained  in 
it,  and  the  same  remark  is  true  of  many  soils  in  our  own  country.  In 
several  samples  of  prairie  soils  from  Illinois,  Dr.  Yoelcker  found  note- 
worthy amounts  of  nitrogen ;  *  and  specimens  of  soil  from  the  famous 
bottom  lands  of  the  Scioto  River,t  on  which  heavy  crops  of  grain  had 
been  grown  without  interruption  for  a  long  term  of  years,  were  found 
to  contain  from  2  to  11  ^  of  organic  matter.  "  The  amount  of  nitro- 
genous compounds  contained  in  this  organic  matter  is  undoubtedly 

*  See  Caird,  James,  "  Prairie  FanniDg  in  America,"  New  Yock,  Appleton 
&  Co.,  1859,  Appendix. 

t  Reported  upon  by  D.  A.  Wells,  "American  Journal  of  Science,"  1862, 
14.11. 
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large,  although  not  determined ;  the  peculiar  odor  of  these  prodactB 
while  burning  being  very  appreciable." 

In  all  probability  a  good  part  if  not  the  whole  of  the  nitrogenous 
matters  of  these  exceedingly  fertile  soils  are  very  unlike  those  con- 
tained in  ordinary  peat  or  in  moor-earth ;  but  the  variations  in  the 
quality  of  vegetable  mould  from  different  sources  must  generally  be 
regarded  rather  as  differences  of  degree  than  as  actual  distinctions  in 
kind.  Here  in  New  England,  many  kinds  of  peat  which  are  thoo^ 
to  do  little  or  no  good  as  manure,  when  applied  directly  to  the  land, 
produce  distinctly  useful  effects  after  they  have  been  mellowed  by 
exposure  to  the  weather.  It  is  known  that  the  quaUty  of  the  nitro- 
genized  constituents  of  vegetable  mould  depends  largely  upon  the 
climate  of  the  region  in  which  the  mould  has  formed.  In  high 
northern  latitudes,  and  even  in  some  less  inclement  regions,  where  the 
climate,  though  equable,  and  not  excessively  cold,  is  very  moist,  the 
decay  of  vegetable  matters  commonly  produces  moor-earth ;  while  as 
the  result  of  such  decay  in  more  temperate  climates,  like  our  own,  we 
find  peat  of  various  degrees  of  consistency,  including  the  matters  that 
are  commonly  called  '^  muck  "  in  thb  vicinity.  But  in  the  tropics,  peat 
is  rarely  if  ever  seen,  except  upon  high  mountains,  though  matters  akin 
to  leaf-mould  are  there  abundant  In  direct  parallelism  with  th^e  well- 
known  geological  facts,  it  would  appear  that  the  employment  of  active 
nitrogenous  manures  is  more  necessary  for  the  successful  cultivation 
of  land  in  cold  countries  than  in  countries  that  are  warpi  or  hot. 

On  the  one  hand,  the  luxuriant  growth  of  vegetation  in  a  tropical 
swamp  shows  that  woody  plants  can  there  obtain  from  the  soil,  with 
the  utmost  ease,  all  the  nitrogen  they  need ;  while,  upon  the  other, 
the  good  results  that  have  been  so  constantly  obtained  by  the  use  of 
nitrate  of  soda  and  of  ammonia  salts  in  the  farming  practice  of 
England,  Scotland,  and*  Germany,  illustrate  the  need  there  is  in  those 
climates  of  providing  for  certain  crops  an  artificial  supply  of  active 
nitrogen.  But  while  it  has  been  clearly  proved  for  Northern  Europe, 
that  the  natural  supplies  of  nitrogen  are  altogether  inadequate  for  the 
growth  of  maximum  crops  of  grain,  even  upon  soils  that  are  highly 
charged  with  humus,  very  little  is  known  as  to  the  extent  of  country 
to  which  tJus  dogma  is  applicable.  There  is  still  much  to  be  learned 
with  regard  to  the  geographical  and  isothermal  linuts  within  which  the 
use  of  artificial  nitrogenous  manures  will  be  found  to  be  necessary  or 
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advaDtageous  upon  soils  that  are  tolerably  well  charged  with  vegetable 
mould.  "  In  hot  countries,"  says  Loudon,*  "  putrescent  manures  are 
not  altogether  neglected,  but  they  are  much  less  necessary  than  in  cold 
countries,  and  ean  be  done  without  where  there  is  abundance  of  water ; 
there,  water,  intense  heat,  and  lighty^a  consequently  moist  atmosphere, 
and  a  soil  weD  pulverized  by  art,  supply  every  thing  necessary  for 
luxuriant  vegetation/' 

It  iS  notorious  that  repeated  crops  of  grain  may  be  grown  without 
manure  in  the  rich  alluvial  soils  of  warm  climates.  In  many  parts  of 
Hindostan  and  of  the  fertile  East  Indian  islands  manures  are  rarely  if 
ever  used.  In  certain  localities  of  Spain,  also,  and  the  south  of  France, 
and  of  Sicily,  as  well  as  in  some  parts  of  Russia,  grain  has  been 
grown  continuously  for  very  long  periods.  The  bearing  of  this  class  of 
facts  upon  the  present  inquiry  is  somewhat  less  emphatic,  however, 
than  that  of  the  examples  previously  dted,  and  of  others  that  will  be 
given  hereafter ;  since  in  the  East  Indies,  as  in  most  hot  climates,  the 
crops  may  undoubtedly,  in  many  instances,  get  a  good  deal  of  nitrogen 
from  river-water  applied  to  them  by  way  of  irrigation,  or  from  the 
water  with  which  the  low-lying  lands  are  naturally  charged.  In  a  hot 
country,  where  evaporation  is  rapid,  the  moisture  in  a  soil  must  be 
drawn  not  only  continually  but  quickly  towards  the  sur&ce,  together, 
of  course,  with  the  matters  which  it  holds  dissolved.  Nevertheless,  it 
would  seem  to-  be  plain  that,  in  climates  warmer  than  our  own,  the 
nitrogen  of  humus  is  more  immediately  available  for  the  use  of  plants 
than  it  is  hereabouts. 

It  is  not  unlikely  that  there  is  some  truth  in  a  belief  that  seems  to 
be  gaining  ground  in  the  Southern  States  of  this  country,  to  the  effect 
that  the  nitrogen  in  such  substances  as  fish-scrap,  slaughter-house  refuse, 
and  the  like,  is  there  practically  as  useful  pound  for  pound  in  a  manure 
as  the  more  active  forms  of  nitrogen  that  are  to  be  had  in  nitrate  of 
soda  or  sulphate  of  ammonia.  The  true  value  of  this  opinion  can 
hardly  b^  determined  except  by  repeated  and  long-continued  intelligent 
observation  and  experimentation  in  actual  field  practice.  For  the 
present,  the  idea  should  be  received  with  great  caution,  since  the  preva- 
lence of  it  may  be  in  some  part  due  to  the  representations  of  persons 
interested  in  the  sale  of  various  commercial  fertilizers  tfll^t  contain 
fish-scrap  or  fiesh-meal.     In  view  of  the  easy  solubility  and  the  lack 

♦  In  his  "  Encyclopaedia  of  Agriculture/'  §  1261. 
VOL.  I.  35 
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of  fixity  of  the  nitrates,  there  is  little  doubt  but  that  in  a  country  sub* 
ject  to  heavy  rains,  nitrate  of  soda  may  often  be  found  to  be  a  less 
yaluable  fertilizer  than  an  equivalent  amount  of  fish-scrap,  unless 
special  care  be  taken  to  apply  the  nitrate  by  firactions  at  several  dif- 
ferent periods.  In  case  the  soil  happens  to  stand  in  special  need  of 
phosphoric  acid,  as  appears  to  be  the  case  in  some  of  >  the  cotton- 
growing  regions  of  the  South,  the  difficulty  of  deciding  as  to  the 
merits  of  the  several  kinds  of  nitrogenous  fertilizers,  is  of  course 
greatly  increased,  inasmuch  as  experiments  made  to  that  end  are  com- 
plicated and  obscured  by  the  action  of  the  phosphoric  acid  naturally 
contained  in  fish-scrap  and  other  manures  of  animal  origin.  In  any 
event,  the  question  must  be  a  difficult  one  to  decide,  because  of  the  great 
infiuence  that  moisture  exerts  (see  beyond,  page  279)  upon  the  activity 
of  the  animal  manures.  They  might  invariably  give  good  results  on 
fields  or  in  districts  where  the  lay  of  the  land  is  such  that  the  sur&ce- 
soil  is  adequately  moistened  by  emimations  from  the  ground  water, 
and  might  constantly  fiul  upon  fields  so  situated  as  to  be  of  necessity 
often  dry. 

The  infiuence  of  climate  upon  the  use  of  soil-nitrogen  by  plants  has 
been  well  iUustrated  by  the  interesting  researches  of  Stceckhardt  and 
Peters*  on  the  efiect  of  high  and  low  temperatures  upon  processes 
of  disintegration  and  decay  in  the  soil.  These  investigators  filled  two 
boxes,  each  with  50  German  lbs.  (25  kilogrammes)  of  a  mixture  of 
river  sand  and  a  sandy  loam  that  contained  but  little  humus,  and  two 
other  boxes  with  a  mixture  of  similar  sand  and  loam  to  which  10^ 
of  vegetable  mould  taken  from  a  hollow  beech-tree  had  been  added. 
One  box  in  each  of  the  pairs  had  a  jacket  or  water-back  filled  with 
water  which  could  be  heated  to  any  desired  temperature  by  means  of  a 
system  of  pipes  through  which  hot  water  was  made  to  circulate.  The 
l)Oxes  were  of  zinc,  packed  and  sheathed  without  with  non-conducting 
materials.  All  the  boxes  were  placed  on  a  scaffold  outside  a  window, 
in  a  position  tolerably  well  shielded  from  rain,  and  were  exposed  during 
three  months  to  the  summer  weather  of  Tharand,  near  Dresden.  Bnt 
by  means  of  the  hot-water  pipes,  the  temperature  of  the  earth  in  the 
jacketed  boxes  was  kept  constantly  8^  or  10^  C.  higher  than  that  of 

*  StODckhardt's ''  Chemische  Ackersmaim/'  1864, 10. 82,  and  '*  Die  landwirth- 
schaftlichen  Versuchs-Stationen/'  4. 118.  Compare  *'  Chemische  Ackeramann/' 
1868, 9. 81,  and  1871, 17. 147. 
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the  earth  in  the  other  two  boxes.  Maize  and  ray-grass  were  grown  in 
all  four  boxes  during  the  three  months,  at  the  end  of  which  time  the 
crops,  though  not  yet  mature,  were  harvested,  and  the  weights  of  the 
dry  products  as  well  as  their  chemical  composition,  were  compared. 
A  few  of  the  results  of  these  experiments  are  given  in  the  following 
table.  The  plants  were  watered  with  distilled  water.  Those  grown 
in  the  earth  rich  m  humus  were  in  both  boxes  much  better,  larger,  and 
greens  than  those  grown  in  the  sandy  loam.  Maize  throve  in  the 
heated  earth,  and  the  grass  supported  the  high  temperature  very  well. 
But  it  was  found  by  preliminary  trials,  that  neither  lupins,  rape,  nor 
oats  prospered  in  the  heated  earth :  — 


There  vas  harvested 
from  the  60  lbs.  of 
earth:  — 

Total  Crop,  dried  at 
llO©  0 

Exposed  to  the  temperature  of 
ordinary  summer  air. 

Exposed  to  the  higher 
temperature. 

In  the  Loam 
Box,  grms. 

In  the  Humos 
Box,  grms. 

In  the  Loam 
Box,  grms. 

In  the  Humus 
]^x,  grms. 

.    275     .    . 

• 

.511      .    . 
.214      .    . 
.       6.14      . 

.    201      .    . 

.    100      .    . 

6.25*    . 

.1231      .    . 
.    664      .    . 
.      2400      . 

.318     .    . 

.    130      .    . 

8.82      . 

.    290      .    . 

.    156      .    . 

6.76      . 

.    730      .    . 
.    380      .    . 
.      13.6  •    • 

.    607     .    . 

.    260      .    . 

7.96      . 

.471      .    . 

.    279      .    . 

11.06      . 

.  1231      .    . 
.    664      .    . 
.      21.00      . 

CArbon       ..... 

.110     .    . 

2.Si 

x«ibm|(eu     ..... 

During  the  experiment 
the  60  lbs.  of  earth 
lost:  — 

Organic  matter .    .    . 

Carbon 

• 

.    160      .    . 
.      70      .    , 

Nitrogen 

The  60  Ibe.  of  earth 
contained  before  the 
experiment :  — 

Organic  matter .    .    . 

Carbon 

.       2.00*    .. 

.    730      .    . 
.    380      .    . 

Nitrogen 

.      13.6  •    . 

Other  examples  of  the  consumption  of  soil-nitrogen  by  crops  are  to 
l>e  seen  in  the  experience  of  many  countries  where  lime  is  habitually 
applied  to  the  land,  and  in  the  results  of  field  experiments  like  those 
of  Lawes  &  Gilbert,t  for  example,  in  which  large  quantities  of  nitrogen 

*  The  risk  of  errors  of  observation  due  to  the  inherent  difficultiot  of  the 
investigation  are  to  be  kept  in  mind  and  allowed  for,  as  well  as  the  likelihood 
that  some  nitrogen  may  have  been  fixed  in  the  soil  in  the  manner  alluded  to  on 
page  285. 
'       t  "  PhUosophical  Transactions/'  1861, 15L  435. 
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have  been  taken  off  a  given  plot  of  land,  year  after  year,  in  crops  that 
were  either  not  manured  at  all,  or  were  manured  with  saline  mixtures 
that  contained  no  compound  of  nitrogen.  The  results  of  many  experi- 
ments that  have  been  made  with  gypsum  and  other  sulphates,  point  in 
the  same  direction.  It  has  been  noticed  again  and  again  that  the  sul- 
phates of  lime,  of  magnesia,  of  soda,  and  of  potash,  tend  to  iacrease 
the  growth  not  only  of  leafy  plants,  but  of  the  leafy  parts  of  plants, 
very  much  in  the  same  way  that  the  nitrogenous  manures  do,  though 
less  decidedly ;  and  analysis  has  shown  that  plants  nmnured  with  gyp- 
sum, or  with  Epsom  salt,  are  often  richer  in  nitrogenous  constituents 
than  those  grown  upon  adjacent  land  that  had  not  been  manured.  But 
it  appears  from  the  experiments  of  Deherain,*  that  the  sulphates 
neither  promote  the  formation  of  nitrates  nor  of  anmionium  salts  in 
the  soil. 

The  old  system  of  leaving  land  fallow,  and  in  general  the  planting 
of  the  so-called  fallow-crops  before  grain,  undoubtedly  depend  in  good 
part  upon  changes  in  the  condition  of  the  soil-nitrogen  which  those 
practices  promote.  The  high  estimation  in  which  the  better  kinds  of 
vegetable  mould  have  always  been  held  by  practical  men,  as  attested, 
for  example,  in  a  very  forcible  way  by  the  stringent  laws  against  the 
raking  of  leaves  and  the  like  from  wood-land,  that  prevail  in  many 
parts  of  Europe,  is  another  item  of  evidence  not  to  be  overlooked. 

All  considerations  relating  to  the  form  or  manner  in  which  the  soil- 
nitrogen  is  commonly  consumed  by  plants  have  purposely  been  made 
subordinate,  in  this  paper,  to  the  exhibition  of  the  empirical  fact  that, 
under  certain  conditions,  such  nitrogen  can  be-  used  by  plants  in  some 
way.  There  is  no  longer  any  doubt  but  that  nitrogen  may  be  taken 
up  by  plants  in  several,  perhaps  in  many,  different  forms.  Of  kte 
years,  the  idea  continually  gains  ground,  that  the  inert  nitrogen  of  the 
soil  is  usually  changed  to  the  condition  of  a  nitrate  before  it  is  taken 
up  by  plants ;  and  there  are  a  number  of  experiments,  notably  those 
of  Boussingault,  Cloez,  and  Bretschneider,t  which  prove  that  nitrates 
are  easily  formed  through  the  oxidation  of  the  soil-nitrogen,  and  that 
they  are  exceedingly  important  for  the  growth  both  of  wild  plants  and 

♦  See  his  "  Cour«  de  Chimie  Agricole,"  Paris,  1878,  p.  427. 
t  See  Professor  Johnson's  "  How  Crops  Feed/*  New  York,  1870,  pp.  254  to^ 
288. 
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of  coltiyated  crops.  In  almost  any  locality  instances  may  be  seen  of 
forest-trees  and  other  wild  plants  so  situated  that  their  nitrogenous 
food  must  manifestly  be  derived,  in  great  part,  if  not  wholly,  from  this 
source.  In  the  immediate  vicinity  of  Boston,  for  example,  a  great 
variety  of  weeds  may  be  seen  growing  upon  mere  gravel  in  places 
where  the  original  levels  of  the  land  have  been  changed  to  make  room 
for  the  erection  of  buildings  or  for  the  laying  out  of  roads,  in  such  sort 
that  the  surface-soil  has  been  completely  dug'  away,  and  the  subsoil 
laid  bare ;  and  their  growth  is  doubtless  to  be  explained  by  a  reference 
to  the  nitrates  and  nitrogenized  organic  matters  that  are  contained  in 
the  soil-water,  and  brought  therewith  to  the  roots  of  the  plants  by  the 
capillary  action  of  the  gravel.  It  has  been  shown  in  a  previous  paper 
(pages  56-58),  that  the  drift  gravel  of  this  vicinity  can  supply  of 
itself  the  inorganic  elements  of  plant-food,  and  several  observers  have 
found  that  well-waters  often  contain  food  enough  of  all  kinds  to  support 
a  tolerably  vigorous  growth.* 

On  the  other  hand,  anmionia  is  doubtless  produced  from  the  soil- 
nitrogen  in  some  cases,t  though  it  can  no  longer  be  deemed  to  be 
abundant  or  even  important  in  the  sense  that  Liebigt  sometimes 
taught 

I  am  myself  inclined  to  attach  no  little  importance  to  the  presence 
in  the  soil  of  minute  forms  of  animal  and  vegetable  life,  that  obtain 
their  nitrogenous  food  directly  from  the  vegetable  mould,  and  yield  in 
their  turn,  both  by  their  excretions  and  by  the  decay  of  their  dead 
bodies,  a  supply  of  nitrogenous  compounds  of  the  kinds  that  are  fit  to 
be  taken  up  by  plants.  This  idea  is  an  old  one.  It  was  suggested  by 
Ehrenberg,  §  who  maintained  long  ago  not  only  that  microscopic  animals 

*  Compare  JohnBon's  "How  Crops  Grow/'  p.  171.  For  tho  amounts  of 
nitrates  that  have  been  found  in  well  and  river  waters,  see  Knopfs  "  Agricultur- 
Chemie."  2.  60. 

t  Comparo  Bonssiugault  in  his  "  Agronomie/'  2*  pp.  18,  210;  3.  196,  and 
elsewhere ;  and  Johnson  in  **  Peat  and  its  Uses,"  p.  45. 

t  See,  for  example,  his  **  Theorie  und  Praxis  in  der  Landwirthschaft," 
Braanschweig,  1856,  p.  5. 

§  According  to  Cohn,  in  Stoeckhardt's  **  Chemische  Ackersmann,"  1863,  9* 
pp.  221,  222.  The  idea  has  a  certain  resemblance  to  that  of  De  Saussure 
("  Recherches,"  p.  166),  who  thought  that  the  carbonate  of  ammonia  which  is 
evolved  on  subjecting  vegetable  mould  to  dry  distillation  must  be  derived  in 
put  from  "  insects  that  live  in  the  humus  and  leave  their  remains  there." 

Compare  the  observations  of  Boussingault  in  iiis  **  Agronomie,*'  1*  pp.  8i4, 
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and  plants  abound  in  fertile  soils,  but  that  the  fertility  is  to  be  ascribed 
in  part  to  their  presence.  According  to  Gohn  (loc.  ciL,  p.  219), 
diatoms  abound  not  only  in  most  natural  waters,  both  fresh  and  putrid, 
but  in  every  moist  soil,  whether  it  be  that  of  swamps  or  the  ed^  of 
ditches,  of  gardens,  or  of  flower-pots.  The  dry  loam  of  ordinary  fields, 
though  far  less  highly  charged  with  microscopic  forms  of  life,  is  by  no 
means  free  from  them. 

4 

The  history  of  the  derivation  of  the  very  name  *^  infusoria  "  enforces 
the  lesson  that  animalcules  must  be  abundant  wherever  moist  vegetaUe 
remains  are  in  process  of  decomposition.  According  to  Stein,*  the 
term  "  Liftmomthier  "  was  first  used  in  1763  by  Ledermuller,  becaase 
of  the  facility  with  which  in  winter  weather  he  could  procure  living 
microscopic  objects  on  allowing  an  infusion  of  hay  in  water  to  stand 
two  or  three  days  in  a  warm  room.  As  Stein  remarks,  hay  is  spe- 
cially well  suited  for  the  purpose  in  question,  since  it  oaually  oomes 
from  meadows  where  the  infusoria  abound. 

In  this  view  of  the  matter,  it  is  interesting  to  note  the  £gu^  that  it 
is  in  well-moistened  soils  such  as  the  diatoms  love  to  inhabit  that 
plants  are  observed  to  avail  themselves  most  readily  of  the  soil-nitrogen, 
and  that  certain  crops  which  can  be  grown  without  the  help  of  nitro- 
genous manures,  such  as  clover,  beans,  turnips,  and  other  large-leaved 
plants,  are  precisely  those  which  shade  the  soil  and  serve,  like  the  pro- 
cess called  mulching,  to  keep  its  surface  moist  In  the  comrse  of  the 
experiments  whose  results  have  been  recorded  above  on  pages  254-261, 
I  have  repeatedly  had  occasion  to  notice  the  favorable  infiuenoe  that  is 
exerted  by  an  abundant  supply  of  moisture  upon  the  utilization  of  the 
soil-nitrogen  by  plants.  The  appearance  of  the  plants  thus  thoroughly 
watered  was  comparable  with  that  of  plants  growing  in  the  moist  soil  of 
a  closed  glass  case  (Ward's  case)  ;  and  it  may  be  noted  in  this  connection 
that  Boussingault  f  had  no  trouble  in  growing  a  good  crop  of  cresses  and 
of  various  weeds  at  the  expense  of  the  soil-nitrogen  in  an  apparatus  of 
that  kind.  The  importance  of  moisture,  as  thus  exhibited,  recalls  the 
results  of  practical  field  experience  as  to  the  use  of  oil-cake  and  certain 
other  of  the  organic  nitrogenous  manures.     Thus,  even  in  a  climate 

845,  and  2.  840 ;  that  of  Lawes,  Gilbert,  &  Pugh«  Philosophical  Truiisctioiis, 
15L  582 ;  and  that  cited  by  Mulder,  "  Chemie  der  Ackerkmnie,  3*  103. 

«  Stoeckhardt's  *'  Chemische  Ackersmnnn/'  1868,  9.  pp.  211, 212. 

t  "  Agronomie,"  1.  67. 


BULLETIN  OP  THE  BUSSET  INSTITUTION.  279 

BO  moist  as  that  of  Scotland,  it  has  been  noticed  *  that  rape-dust,  which 
was  formerly  somewhat  extensively  employed  there  as  a  manure,  often 
fadls  to  be  of  use  in  very  dry  seasons  and  on  dry  soils.  An  adequate 
supply  of  moisture  is  essential  to  the  production  of  its  full  effects. 
But  since  the  nitrogen  in  rape-dust  is  notoriously  more  active  and 
available  for  the  use  of  plants  than  that  in  ordinary  peat  and  loam,  the 
fBLCt  that  the  usefulness  of  rape-dust  depends  so  largely  upon  the  con- 
tiiigency  of  a  favorable  season  or  a  moist  soU,  teaches  an  important 
lesson.  Not' only  does  it  suggest  most  emphatically  that  the  less  active 
soil-nitrogen  needs  to  be  kept  similarly  moist  in  order  to  its  best  action, 
but  it  points  directly  to  the  necessity  of  studying  the  soil-nitrogen  for 
its  own  sake,  of  noting  its  peculiarities,  and  of  determining  clearly  what 
conditions  are  most  favorable  to  its  usefulness.  From  the  reports  of 
the  various  agricultural  societies  of  New  England,  it  appears  that  mere 
peat  or  pond-mud  often  fails  to  produce  useflil  effects  when  applied  to 
land  that  seems  to  stand  in  need  of  vegetable  matters,  while  in  other 
instances  distinctly  beneficial  effects  are  noticed.  These  differences  are 
undoubtedly  due  in  part  to  variations  in  chemical  composition  of  the 
several  peats  or  muds ;  but  there  can  be  little  question  that  the  failure 
of  the  peat  or  mud  to  act  as  a  nitrogenous  manure  must  often  be  at- 
tributed to  the  un&vorable  conditions  as  r^ards  moisture  in  which  these 
substances  were  placed.  They  would  be  little  likely  to  fail  upon  land 
needing  nitrogen  so  situated  that  any  organic  matters  that  might  be 
added  to  it  would  naturally  be  kept  moist  and  mellow.  But,  as  it  hap- 
pens, the  land  of  fields  thus  advantageously  placed  is  commonly  so 
well  charged  with  organic  matters  that  peat  alone  is,  comparatively 
speaking,  seldom  applied  to  it  Too  much  moisture  is  to  be  deprecated, 
of  course.  .  The  soil  must  not  be  changed  to  a  swamp,  nor  be  kept  so 
wet  that  it  could  become  in  the  least  degree  boggy  or  soiu*.  A  prop- 
erly moist  and  mellow  soil  may  often  be  seen  in  fields  and  pastures 
on  moving  some  stone,  or  dod,  or  piece  of  wood  that  has  lain  some  time 
undisturbed,  and  observing  the  condition  of  the  earth  beneath.  From 
the  color  and  vigor  of  the  grass,  moreover,  about  the  stone,  it  may  be 
seen  how  useful  the  soil-nitrogen  has  there  been  found  by  the  plants 
that  had  access  to  it.  As  an  exhibition  of  the  effects  upon  which  the 
usefulness  of  mulching  chiefly  depends,  this  illustration  leaves  little  to 

•  Anderson,  in  his  "  Elements  of  Agricultural  Chemistry/'  Edinburgh,  1860, 
p.  196. 
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be  desired.  It  shows,  like  the  pot  experiments  previously  described, 
how  serviceable  the  soil-nitrogen  may  be  under  favorable  conditions; 
and,  like  the  experiments  in  question,  it  indicates  very  clearly  one  at 
least  of  the  xx)nditions  that  may  justly  be  called  favorable. 

It  is  not  improbable,  moreover,  that  in  some  cases,  and  perhaps  in 
many,  certain  organic  nitrogenous  constituents  of  the  soil  are  con- 
sumed directly  by  the  plant  Since  it  has  been  clearly  made  out  that 
plants  can  take  up  and  feed  upon  such  compounds  as  urea,  uric  add, 
glycocoU,  and  guanine,  there  is  little  reason  to  doubt  that  they  could 
be  equally  well  nourished  by  analogous  compounds  that  might  be 
formed  in  the  earth.  It  appears  indeed  from  the  experiments  of  W. 
Wolf,*  that  plants  grown  by  way  of  water  culture  in  solutions  con- 
taining tyrosin  and  leucine,  substances  that  are  known  to  be  foraied 
during  the  decay  of  the  nitrogenous  parts  of  fresh  vegetable  and  ani- 
mal matter,  can  obtain  a  supply  of  nitrogen  from  these  substances,  or 
from  some  product  or  products  of  their  decomposition  that  contain 
neither  anmionia  nor  nitric  acid* 

It  is  well  known  that  a  minute  proportion  of  nitrogenized  organic 
matter  is  to  be  found  in  most  natural  waters,  and  that  traces  of  such 
matter  may  be  dissolved  on  thoroughly  leaching  almost  any  kind  of  loam. 
Too  little  attention  has  sometimes  been  paid  to  the  fact  that  crenic  and 
apocrenic  acids  ^e  nitrogenized  bodies. t  According  to  Mulder,  these 
soluble  acids  occur  in  not  inconsiderable  quantities  in  every  fertile 
soil. 

The  action  of  alkaline  substances  upon  vegetable  mould  has  an  im- 
portant bearing  upon  this  side  of  the  question.  It  is  not  at  all  improb- 
able that  the  advantages  gained  by  the  use  of  alkalies  as  manures  and 
in  the  compost  heap  may  depend  In  good  part  directly  upon  the  forma- 
tion of  compounds  of  the  alkalies  and  nitrogenous  matters  that  can 
be  used  as  food  by  plants.  There  is  no  doubt  but  that,  as  a  general 
rule,  the  use  of  the  soil-nitrogem  by  crops  is  increased  by  applications  of 
wood-ashes  and  of  lime ;  and,  as  is  well  known,  the  inert  nitrogen  of 
peat  and  sods  may  be  made,  comparatively  speaking,  active  and  assunil- 
able  by  composting  these  substances  with  an  alkali,  —  either  ashes,  or 
lime,  or  soda-ash,  or  a  mixture  of  lime  and  salt,  or  even  with  mari 

♦  "Die  landwirthschaftlichen  Versuchs-Stationen,"  1868, 10.  18. 
t  Soe  Mulder  in  his  "  Chemie  der  Ackerkrume/'  1*  849.    Compare  Detmer, 
"  Die  Uindwirthscbaf Uichen  Versuchs-Stationen/'  1871, 14. 270. 
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and  carbonate  of  lime  in  various  forms.  But  the  action  of  alkalies 
upon  peat  and  loam  is  not  merely  to  disintegrate  or  rot  the  organic 
matters  ;  they  tend  furthermore  to  combine  with  them.  Some  of  the 
compounds  thus  formed  with  the  alkalies  proper  —  viz;,  potash,  soda, 
and  their  carbonates  —  are  freely  soluble  in  water;*  and  although 
these  soluble  compounds,  on  moving  about  in  the  soil,  are  undoubtedly 
soon  changed  to  combinations  that  are  far  less  soluble  in  mere  water, 
that  is  no  more  than  happens  to  all  artificial  fertilizers  with  the  single 
exception  of  the  nitrates ;  and  there  is  on  that  account  no  reason  to 
doubt  but  that  the  plant  roots  can  find  means  to  feed  upon  them. 
Lime,  also,  is  known  to  combine  directly  with  a  great  variety  of  nitro- 
genous matters  to  form  useful  manures,  though,  as  a  general  rule, 
these  compounds  are  difficultly  soluble  in  water  by  itself.f  According 
to  Johnson,}  it  is  quite  possible  to  dissolve  the  whole  of  the  humus  in 
some  kinds  of  brown  peat  by  means  of  an  alkalL  .This  observer 
found,  in  several  instances,  that  nothing  but  a  residue  of  cellulose  was 
left  after  the  peat  had  been  repeatedly  treated  with  a  dilute  solution  of 
carbonate  of  soda.  But  as  Mulder  {loc.  cit),  and  Detmer  §  have  shown, 
the  matter  thus  dissolved  is  distinctly  nitrogenized. 

It  may  here  be  remarked  that  practical  farming  experience,  with 

♦  See  Mulder,  G.  J.,  "  Die  Chemie  der  Ackerknime,"  Berlin,  1868,  L  pp. 
828,  888.    Johnson,  S.  W., «'  Peat  and  its  Uses,"  New  York,  1866,  pp.  86,  89. 

A  number  of  interesting  experiments  upon  the  use  as  manure  of  compounds 
such  as  are  here  in  question  were  made  long  ago  by  Professor  Lampadius,  of 
Freiherg  in  Saxony.  (See,  for  example,  Erdmann's  "  Journal  fiir  tech.  imd  ok. 
Chemie,  1882. 1ft*  pp.  291, 806,  and  the  later  volumes  of  that  joamal  and  its  sac- 
ce08or,  the  "  Journal  fiir  praktische  Chemie,"  notably  the  volume  for  1885,  5. 
488).  The  practical  advantages  to  be  gained  by  composting  peat  and  other 
forms  of  humus  with  ashes,  lime,  and  other  kinds  of  alkalies,  are  well  known 
to  farmers,  and  have  been  strongly  insisted  upon  in  this  coimtry  by  the  late  Dr. 
S.  L.  Dana,  of  Lowell  (in  his  "  Muck  Manual  for  Fanners  "),  and  by  others. 
But  the  earlier  observers  were  in  no  position  to  appreciate  the  significance  of  the 
nitrogen  of  the  peat,  or  to  form  just  conceptions  as  to  the  mode  of  action  of  the 
composts  they  prepared  from  it. 

t  Compare  Kuop,  in  his  "  Lehrbuch  der  Agricultur-Chemie,"  Leipzig,  1868, 
I*  pp.  440, 444, 458 ;  and  Stceckhardt,  in  his  "  Chemische  Ackersmann,"  1860,  6« 
211. 

X  **  How  Crops  Feed,"  p..  225,  note.  So,  too,  De  Saussure  ("  Recherches 
Chimiques  snr  la  y^g^tation,"  Paris,  1804,  p.  167).  '"La  potasse  et  la  sonde 
dissolvent  presqn'en  totality  le  terreau  vdg^tal."  Some  kinds  of  humus,  how- 
ever, are  far  less  soluble  in  alkali  than  others.  See  Mulder ;  also  Detmer,  '*  Die 
landwirthschaftUcben  Versuchs-Stationen,"  1871, 14.  265. 

§  "  Die  landwirthschaftlichen  Versuchs-Stationen,"  1871, 14.  254, 258. 

VOL.  I.  36 
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regard  to  the  growth  of  clover  and  the  other  £sdlow  crops  before  grain, 
tends  to  support  the  view  that  it  is  not  in  the  form  of  nitrates  alone 
that  the  soil-nitrogen  becomes  available  as  plant  food.  That  wheat 
should  grow  freely  after  clover,  on  good  land,  much  in  the  same  waj  as 
if  the  land  had  received  a  dose  of  some  nitrogenous  fertilizer,  can 
hardly  be  due  solely  to  the  accumulation  of  nitrates  in  the  soil  during 
the  growth  of  the  clover.  For  there  is  good  reason  to  believe  that  the 
nitrates  then  formed  would  either  be  consumed  by  the  clover  itself,  or 
be  washed  from  the  soil  by  rains.  It  is  £u:  more  probable  that  a  wheat 
crop  grown  after  clover  gets  its  nitrogenous  food  directly  from  the 
products  of  the  decay  of  the  roots  and  stubble  of  the  clover.  The 
growth  of  the  fallow  crop  itself  without  the  help  of  nitrogenous 
manure,  under  conditions  in  which  a  grain  crop  might  starve,  points  to 
the  conclusion  that  the  soil-nitrogen  must  be  used  by  the  fedlow  crop 
also  in  other  forms  besides  nitrates.  If  there  were  nitrates  at  hand,  a 
grain  crop  would  thrive,  and  there  would  consequently  be  small  need 
of  growing  the  &dlow  crop.  It  is  precisely  in  the  power  of  the  &llow 
crop  to  supply  itself  with  nitrogen  in  the  absence  of  nitrates  and  am- 
monium salts  that  its  chief  merit  <consist8. 

The  use  of  active  nitrogenized  manures  in  European  field  practice, 
upon  rich  soils,  which,  as  has  been  already  remarked,  seems  at  first 
sight  to  cast  la  doubt  upon  the  utility  of  the  nitrogen  already  contained 
in  those  soils,  is  really  not  inconsistent  with  the  view  here  presented. 
The  practice  in  question  may  even  be  cited  as  an  illustration  of  the 
importance  of  the  soil-nitrogen,  for  it  has  often  been  noticed  that  the 
application  of  a  very  small  quantity  of  active  nitrogen  in  the  form  of 
nitrate  of  soda,  or  of  an  ammonium  salt,  produces  an  efiect  out  of  all 
proportion  greater  than  the  amount  of  nitrogen  that  was  actually  added 
to  the  land  in  the  manure  could  of  itself  produce,  while  it  is  a  matter  of 
the  commonest  observation  that  the  application  to  rich  land  of  any  con- 
siderable amount  of  such  manure  is  actually  dangerous,  because  of  its 
liability  to  excite  too  i^ank  a  growth.  An  application  of  1 12  lbs.  of  crude 
nitrate  of  soda,  containing  no  more  than  16  or  17  lbs.  of  nitrogen,  to  an 
acre  of  good  land,  has  been  known  to  double  the  grass  crop.  But  a  ton 
of  hay  contains  some  25  lbs.  or  more  of  nitrogen,  and  a  crop  of  2^ 
tons  would  consequently  carry  off  more  than  60  lbs.  of  that  element.  It 
would  seem,  in  this  case,  as  if  the  driblet  of  active  nitrogen  added  in  the 
manure,  must  either  help  te  start  the  crop  and  make  it  vigorous  enough 
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to  avail  itself  of  the  stores  of  less  accessible  nitrogen  that  are  con- 
tained in  the  soil,  or  that  a  certain  amount  of  one  of  the  active  forms 
of  nitrogen  is  needed  for  the  performance  of  some  special  physiological 
work  within  the  plant,  while  the  soil-nitrogen,  or  the  products  of  its 
decomposition,  may  be  perfectly  competent  to  do  the  other  kinds  of 
work,  or  indeed  most  of  the  work  that  b  required  of  that  element  in 
the  process  of  building  a  plant 

The  latter  view  would  appear  to  derive  some  support  from  the 
familiar  fact  that  some  kinds  of  plants,  such  as  the  cereals,  have  far 
more  need  of  the  active  forms  of  nitrogen  than  other  plants  of  a 
different  physiological  habit,  such  as  clover  and  turnips.  It  agrees, 
moreover,  with  certain  differences  in  the  behavior  of  plants  towards 
solutions  of  nitrates,  ammonium  salts,  and  some  other  soluble  forms  of 
nitrogen,  that  have  been  repeatedly  noticed  in  experiments  made  by 
way  of  water-culture  or  of  sand-culture.  The  nitrates  favor  the 
growth  of  plants  both  young  and  old;  but  it  has  been  found  that 
plants  reared  by  these  methods  have  in  general  little  liking  for  the  nitro- 
gen of  ammonia  compounds  during  the  earlier  stages  of  their  growth. 
When  very  young,  it  appears  to  be  difficult  for  the  plants  to  assimilate 
the  ammonia  or  even  to  bear  its  presence ;  but  as  they  grow  older  this 
difficulty  disappears  or  is  very  much  lessened.  The  remark  applies 
particularly  to  the  phosphate  of>  ammonia  and  nitrate  of  ammonia, 
by  means  of  which  plants  have  been  successfully  grown  hj  the  methods 
in  question.  The  hurtful  influence  of  sulphate  of  ammonia  and  chloride 
of  ammonium,  when  used  by  themselves  in  sand  or  water  culture,  is  a  ^t 
of  another  order,  that  is  readily  explained,  since  these  salts  are  decom- 
posed by  the  roots  of  plants  in  such  wise  that  corrosive  acids  are  pro- 
duced which  destroy  the  plants.*  But  this  explanation  fails  to  account 
for  the  behavior  of  the  other  ammonium  salts,  and  especially  that  of 
nitrate  of  ammonia.  I  have  myself  noticed  in  experiments  made  with 
this  salt  curious  anomalies  analogous  to  those  mentioned  by  Hell- 

riegeLf 

It  would  be  of  scientific  interest,  in  this  connection,  to  determine, 
by  careful  experiments,  devised  to  that  end,  whether  the  minute  traces 
of  active  nitrogen  naturally  contained  in  the  rain-water  with  which  the 
soils  in  my  experiments  were  moistened,  could  possibly  have  had  any 

♦  See  Johnson's  "  How  Crops  Grow,"  pp.  170-171. 

t  In  StoBckbardt's  "  Cbemische  Ackersmann/'  1873, 19.  228. 
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appreciable  influence  in  helping  the  plants  to  obtain  support  from  the 
soil-nitrogen.  This  pointy  it  will  be  observed,  is  a  distinct  and  separate 
question  to  be  examined  by  itself.  It  has  nothing  to  do  witli  the  fact 
that  the  traces  of  active  nitrogen  in  rain-water  are  by  themselves 
wholly  inadequate  for  the  growth  of  an  ordinary  crop.  Nor  indeed 
has  it  any  immediate  bearing  upon  the  subject  of  the  present  paper. 
The  experiments  which  have  been  recorded  above  show  conclusively, 
on  the  one  hand,  that  the  soil-nitrogen  is  useful  to  plants  imder  certain 
conditions,  such  as  are  found  in  nature ;  while,  upon  the  other,  they 
illustrate  the  fact,  which  Wolff  had  proved  before,  that  soils  devoid  of 
vegetable  mould,  or  of  some  pther  compound  of  nitrogen,  will  not  sup- 
port crops  that  can  be  put  in  comparison  with  those  that  are  readily 
and  constantly  obtained  from  soils  that  contain  peat  or  loam,  or  some 
other  source  of  nitrogen. 

The  influence  exerted  by  the  impurities  in  rain-water  upon  the  growth 
of  plants  in  soils  destitute  of  nitrogen  is  really  so  exceedingly  small  that 
it  is  hardly  worthy  of  mention.  I  have  satisfied  myself  by  many  trials 
that,  regarded  as  a  source  of  error,  the  influence  of  these  impurities  is 
so  minute  that  it  may  safely  be  neglected  excepting  in  the  most  refined 
experiments  made  for  special  purposes.  There  is  an  experiment  of 
Hellriegel  *  which  well  illustrates  this  point.  In  an  artificial  soil  that 
contained  every  thing,  except  nitrogen,  necessary  for  the  support  of  a 
maximum  crop  of  barley,  Hellriegel  got  a  crop  that  weighed  0.184 
gramme,  when  the  pot  was  watered  with  the  purest  distilled  water ; 
while  from  a  precisely  similar  pot,  that  was  watered  with  rain-water,  he 
got  a  crop  that  weighed  0.200  gramme.  But  from  a  third  pot,  similarly 
filled,  and  containing  in  addition  an  amount  of  nitrogen,  in  the  form  of 
a  nitrate,  equivalent  to  84  lbs.  of  that  element  in  1,000,000  lbs.  of  soil, 
he  obtained  a  crop  that  weighed  17.776  grammes.  With  regard  to 
this  matter,  it  should  be  noticed  tliat  the  sands  employed  in  my  experi- 
ments naturally  required  and  received  more  water  to  keep  them  moist, 
when  they  were  used  by  themselves,  than  when  peat  or  loam  had  been 
mixed  with  them. 

I  have  not  the  least  doubt  but  that,  besides  supplying  nitrogen  to  plants, 
the  humus  of  the  soil  may  at  times  serve  many  other  useful  purposes, 
some  of  them  dependent  upon  its  chemical  properties  and  others  upon 

*  StcBckhardt*8  "  Cliemiache  Ackersmann,"  1868, 14. '18. 
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its  physical  peculiarities ;  but  the  discussion  of  these  points  would  be 
altogether  foreign  to  the  present  inquiry.  Their  importance  has  indeed 
often  been  insisted  upon.  It  is  to  be  remarked,  moreover,  that  the 
experhnents  and  observations  here  presented  do  not  in  any  way  con- 
vict with  the  exceedingly  important  conclusions  that  have  been  reached 
of  late  years,  concerning  the  formation  of  active  nitrogen  compounds 
from  the  free  nitrogen  of  the  air  *  by  the  action  of  ozone,  and  in  vari- 
ous processes  of  combustion  and  oxidation.  The  importance  of  such 
sources  of  nitrogen  for  the  growth  of  plants  in  earlier  geological  epochs, 
and  for  the  support  of  lichens,  mosses,  and  other  inferior  forms  of 
vegetation  in  our  own  times,  can  hardlji  be  over-estimated.  It  is 
to  be  supposed,  indeed,  that  the  influence  of  these  supplies  of  nitrogen, 
though  exceedingly  feeble,  must  be  very  widely  felt.  To  them,  undoubt- 
edly, in  the  last  analysis,  the  existing  stock  of  soil-nitrogen  is  to  be 
chiefly  attributed.  The  fixation  of  the  free  nitrogen  of  the  air  by  soils 
rich  in  organic  matter,  that  has  been  noticed  repeatedly  by  Boussin- 
gaolt^t  and  by  other  observers,  and  strongly  insisted  upon  of  late  by 
Deh^rain  t  is  another  hct,  perhaps  of  the  same  order,  to  be  kept  in 
mind.  But  there  can  be  little  doubt  that,  for  the  present  support  of 
agricultural  crops,  the  vast  stores  of  vegetable  mould  that  have  accu- 
mulated in  the  soil  through  the  decay  of  many  generations  of  plants, 
constitute  a  more  abundant  and  a  more  important  source  of  nitrogenized 
plant-food  than  any  other. 

•  See  Johnson's  "  How  Crops  Feed,"  New  York,  1870,  pp.  76-86. 

t  See,  for  example,  his  "  Agronomie,"  L  pp.  808,  808,  821,  828  §  6,  886, 
and  844. 

X  In  his  "  Cours  de  Chimie  Agricole,  Paris,  1878,  p.  816,  and  in  papers  in  the 
"  Comptes  Rendus  "  of  the  French  Academy. 
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pronotmce  a  hackneyed  common-place  opinion  on  thj  case,  and  then 
proceed  with  all  expedition  to  open  thy  veins,  lacerate  thy  flesh,  caa« 
terize  thy  sinews,  and  drench  thy  stomach  with  drugs  adverse  in 
general  to  the  cure  they  engage  to  perform." 

And  in  this  connection  we  cannot  refrain  from  adding  a  few 
remarks  in  behalf  of  veterinary  science.  It  is  difficult  to  explain 
why  there  should  exist  such  complete  apathy  upon  this  subject 
throughout  our  country,  especially  when  we  take  into  consideration 
the  vast  interests  at  stake.  Scientific  and  agricultural  schools  have 
been  established,  and  have  been  largely  endowed,  and  not  until  com- 
paratively lately  has  any  provision  been  made  for  instruction  in  this 
science.  Not  a  single  national  or  state  veterinary  college  exists.  All 
that  can  be  said  in  justification  of  this  long  n^lect  (if  justification  it 
can  be  called)  is  that  we  have  followed  the  course  of  older  nations.  In 
Great  Britain,  for  example,  it  is  only  at  a  comparatively  recent  period 
that  veterinary  medicine  has  been  recognized  among  the  liberal  arts, 
and  the  practice  regarded  as  by  no  means  incompatible  with  the 
dignity  of  a  man  of  education.  In  France,  Germany,  and  in  Italy, 
the  science  has  been  long  cultivated,  and  its  teachers  have  been  held 
in  high  estimation.  In  fact  their  labors  and  researches  have  contrib- 
uted largely  to  the  advance  of  modem  physiology. 

That  the  profession  has  been  highly  appreciated  by  the  great  of 
both  ancient  and  modem  times,  we  have  ample  testimony.  Both 
Homer  and  Xenophon  wrote  upon  the  horse,  —  the  latter  a  treatise  on 
equitation.  ^  When  Xenophon  wrote  his  rural  treatises,  he  was  living 
in  that  delightful  region  of  country  which  lies  westward  of  the  moun- 
tains of  Arcadia,  looking  toward  the  Ionian  Sea.  Here,  too,  he  wrote 
the  story  of  his  retreat  and  his  wanderings  among  the  mountains  of 
Armenia ;  here  he  talked  with  his  fiiends,  and  made  other  such  «^- 
posia  as  he  has  given  us  a  taste  of,  at  the  house  of  Callias,  the 
Athenian;  here  he  ranged  over  the  whole  country-side  with  his 
horses  and  dogs ;  a  stalwart  and  lithe  old  gentleman,  without  a  doubt ; 
able  to  mount  a  horse  or  to  manage  one  with  the  supplest  of  the 
grooms ;  and  with  a  keen  eye,  as  his  book  shows,  for  the  good  points 
in  horse  fiesh.  A  man  might  make  a  worse  mistake  than  to  buy  a 
horse  after  Xenophon*s  instmctions,  to-day.  A  spavin  or  a  windgall 
did  not  escape  the  old  gentleman's  eye,  and  he  never  bought  a  nag 
without  proving  his  wind  and  handling  him  well  about  the  mouth  and 
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ears.  His  grooms  were  tanght  their  duties  wilh  nice  t 
mane  and  toil  to  be  tliorongbly  washed ;  the  food  and  b 
erlj  ajid  regularly  prepared,  and  treatment  to  be  alna; 
bind.  Exception  may  perhaps  be  taken  to  his  doctrine 
stall  floors.  Mobt  ones  he  says  injure  the  hoof.  Bi 
stones  inserted  in  the  ground  close  to  one  another,  eq 
their  hoofs ;  for  such  stalls  consolidate  the  hoofe  of  tbos 
them,  besides  strengthening  the  hollow  of  the  foot."* 

The  great  Hippocrates  did  not  heutate  to  combine  v> 
human  medicine,  exercising  his  skill  upon  the  horse  as 
his  rider.  He  even  wrote  a  treatise  upon  the  caral 
of  horses. 

Among  the  Latins,  we  may  mention  Vegelitis,  styl 
inary  Hippocrates,  who  flourished  three  hundred  years 
and  in  whose  writings  were  concentrated  all  that  had  I 
by  former  yeterinary  authors. 

Coming  down  to  modern  times,  among  the  patrons  ol 
we  find,  in  the  sixteenth  century.  Frauds  the  Firflt,  wi 
the  translation  of  Greek  authors  into  Latin,  and  af 
the  modern  languages,  disseminated  knowledge  throug 
Among  the  great  works  thus  spread  abroad  were  those 
Near  the  end  of  the  seventeenth  century  a  large  volui 
by  Soliysel,  who  was  a  riding-master;  and,  as  his  school 
repute  at  tlus  time,  it  followed  that  the  treatment  ol 
eases  became  very  mnch  confined  to  the  masters  ol  th< 
tation,  which  was  an  injury  to  the  progress  of  veler 
inasmnch  as  it  fell  in  a  great  measure  into  the  hands  ol 
had  not  received  a  medical  education.  'Without  enu 
many  distinguished  writers  on  this  science  who  apf 
the  eighteenth  century,  we  may  mention  that,  in  1761, 
the  royal  patronage,  established  a  public  veterinary  coll 
having  the  celebrated  Bonrgelat  as  professor ;  and,  in  1 
pablic  school  was  opened  at  Alfort;  and  others  Ettbsequf 
bourg  and  Montpellier.  Contemporary  with  Bonrgelat, 
at  Lyons,  was  La  Fosse,  who,  by  his  writings  and  dis< 
mnnicated  in  the  form  of  memoirs  to  the  Royal  Acaden: 
at  Paris,  did  very  much  towards  the  advancement  of  ve 
•  Op.  dt  p.  19. 
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eat  Britain,  strange  as  it  may  seem,  very  few  original 
ared,  and  very  little  progrees  was  made  in  the  science, 
ssent  century.  The  London  Veterinary  CoUega  was 
1791— d2,  and  had,  for  its  originator  and  first  professor, 
>  had  been  educated  at  Lyons.  Within  the  present 
English  school  has  put  forth  many  standard  works,  and 
lions  promoters  ha?e  Iwea  John  Hnnter  and  Sir  Astley 

n  conntry,  with  very  few  exoepdons,  we  hara  thus  far 
at  upon  those  who  have  received  their  education  in  for- 
ir  all  the  sdence  and  skill  we  could  comoumd.  We 
eld  which  oBerg  such  an  abundant- harvest  both  for  fame 
■  remuneration  to  young  men  of  thorough  education  and 
nd  it  is  difficult  to  anderstand  why  some  of  those  who 
iks  of  the  medical  profession  should  not  take  advantage 
1  opportunity.* 

recently  received  from  Profesior  James  Law,  of  Cornell  UniTet^ 
Few  of  mj  Btudenta  in  tliis  university  have  studied  with  tiie  riew 
teriniry  practitioners,  and,  of  tliese  few.  moit,  having  acquired  a 
lubject  here,  have  then  gone  to  same  regular  veleriniTy  ichool, 
mid  tliero  gmduale  two  years  sooner.  The  public  estimation  of 
lo  low  that  it  is  not  easy  to  convince  people  of  the  need  for  a 
'  of  its  principles.  Batf-educated  men  going  out  with  degree* 
uale  ttiii  low  status.  We  have  only  granted  two  veteriiMtj 
six  years  of  our  existence  as  a  univeriily." 
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No.  13.  —  Report  of  tJie  JDireetor  of  the  Arnold 
presented  to  tkb  President  and  Fellows  of  E 

versity. 

To  TBE  President  of  the  TTNiTBBsiTr:^ 

Sir,  —  I  have  the  honor  to  Bobinit  the  fbllowing  : 
preaent  condition  of  the  Arnold  Abbosetdk,  and  < 
during  the  two  yeara  which  have  paued  since  I  nas 
the  direction  of  its  formation. 

The  very  limited  roeana  at  the  disposal  of  the  Dir 
necessity,  made  these  two  years,  yean  of  preparadoa  aot 

A  Catalogue  of  the  ligneous  plants  growing  spontaneo 
trodnction,  previous  to  1 872,  on  that  portion  of  the  "  Busse] 
is  to  be  devoted  to  the  Arboretum,  has  t>een  made.   (See 

The  soil  and  indigenous  growth  on  the  various  p 
grounds  have  been  carefully  studied  with  a  view  to  a  pi 
nation  of  the  permanent  location  of  the  various  collectioi 
thousand  trees  and  shrubs  have  been  raised  for  the  fiitu 
(See  Appendix  B.) 

An  inspection  of  the  trees  already  growing  in  tJ 
showed  that  many  of  them  were  in  a  miserable  condit 
neglect  of  proper  thinning,  and  the  consequent  want  of  1 
air.  To  remedy  this  as  far  as  possible,  the  woods  and  i 
have  been  gradually  thinued  out,  the  weak,  deformed,  i 
plants  being  cut  first,  and  then  nich  aa  interfered  wi 
specimens,  or  with  spedmens  of  only  occauonal  oocurre 
iDg  health  in  many  of  the  trees,  and  the  greatly  improv 
of  the  woods  and  belts  of  timber  is  already  apparent 
operation  of  thinning  out  old  woodlands,  with  a  vie 
faealtliy,  well-developed  trees,  is  necessarily  a  slow  one, 
extended  over  many  years. 

Already  many  noble  spedmens  of  some  of  the  finest  d 
BCattere<t  through  the  open  portions  of  the  grounds,  pro 
and  interest  to  the  Arboretum,  and  proving  that  the  sil 
ticuluvly  adapted  to  the  use  to  which  it  is  to  be  devoted. 

I  am  under  deep  obligation  to  Dr.  Asa  Gray  for  the  v 
ance  and  advice  with  which  he  has  honored  me  from  t 
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of  the  undertaking,  and  for  an  introdaction  to  his  numerous  corre- 
spondents both  in  America  and  Europe. 

I  take  this  occasion  to  acknowledge  the  following  contributions :  — 

Many  seeds  of  European  and  Asiatic  trees  and  shrubs  from  the 
Kojal  Gardens,  Kew,  through  its  Director,  Dr.  J.  D.  Hooker. 
Several  collections  of  seeds,  especially  of  the  trees  of  Eastern  Asia, 
from  the  Jardin  des  Flantes,  through  its  Director,  Prof  Decaisne. 
Collections  of  seeds  of  the  trees  and  shrubs  of  Siberia  and  the  North 
of  China  fi'om  the  Imperial  Botanic  Grarden  at  St  Petersburg,  through 
its  Director,  Dr.  Ed.  Kegel. 

Large  and  full  collections  of  seeds  of  the  trees  and  shrubs  of  Ohio 
and  the  neighboring  States,  from  W.  C.  Hampton,  Esq.,  of  Mt  Vic- 
tory, Ohio. 

Large  collections  of  seeds  of  the  trees  and  shrubs  of  Virgiuia,  from 
A.  H.  Curtiss,  Esq.,  of  Liberty,  Va. 

My  thanks  are  due  to  Dr.  Kellogg,  of  San  Francisco,  and  to  Dr. 
H.  N.  Bolander,  late  State  Botanist  of  California,  for  extensive  and 
valuable  collections  of  Californian  seeds ;  and  to  J.  G.  Lemmon,  Esq., 
of  Sierra  Valley,  California,  to  whose  energy  and  zeal  I  am  indebted 
for  a  large  quantity  of  seed  of  some  of  the  rarer  Californian  Conifers, 
and  for  many  other  valuable  contributions. 

My  thanks  are  also  due  to  Dr.  C.  C.  Parry,  of  Davenport,  Iowa, 
for  seeds  of  the  Rocky  Mountain  Coniferse,  and  to  Dr.  Greorge  Engel- 
mann,  of  St.  Louis,  for  seeds  of  the  rare  Abies  concolor,  and  of  several 
species  of  Oak. 

To  T.  S.  Brandigee,  Esq.,  of  Caffon  City,  Colorado,  and  to  A.  L. 
Slier,  Esq.,  of  Osmer,  Kane  Co.,  Utah,  I  am  indebted  for  seeds  of  the 
trees  of  their  respective  localities,  some  of  which  are  entirely  new  to 
cultivation. 

I  am  also  indebted  to  Messrs.  Pinney  &  Co.,  of  Sturgeon  Bay, 
Wisconsin,  for  coniferous  seed ;  to  Dr.  J.  H.  Mellichamp,  of  Blufflon, 
South  Carolina,  for  seeds  of  some  of  the  rarer  ligneous  plants  of  that 
State ;  to  PL  H.  Hunnewell,  Esq.,  of  Wellesley,  Mass.,  for  seed  of  the 
rare  Larix  leptolepts  ;  to  W.  R.  Mercer,  Esq.,  of  Doylestown,  Penn., 
and  to  Mrs.  Mary  Treat,  of  Vineland,  New  Jersey,  for  seeds  collected 
in  their  respective  localities. 

C.  S.   SARGENT,  Director. 
December  1, 1874. 
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APPENDIX    A. 

A  Catalogue  of  the  Ligneous  Plants  growing  in  the  Arnold 

Arboretum.     September  1,  1874. 

The  Asteritk  {*)  denotes  that  the  PUtnt  is  not  growing  spontaneously. 


Clematis  Virginiana,  L. 
*Magnolia  umbrella,  Lam. 
*LiriodeD(lron  Tulipifera,  L. 

Berberis  vulgaris,  L. 

Tilia  Americana,  L. 
•Tilia  Europsea,  L. 

Rhus  glabra,  L. 

Rhus  copallina,  L. 

Bhus  venenata,  DC. 

Rhus  Toxicodendron,  L. 

Rhamnus  catharticus,  L. 

Ceanothus  Americanus,  L. 

Celastrus  scandens,  L. 
*.£sculus  Hippocastanum,  L. 
*Acer  Pseudo-platanus,  L. 

Acer  saccharin um,  Wang. 

Acerrubrum,  L. 
*Caragana  frutescens,  DC. 

Robinia  Pseudacacia,  L. 
•Colutea  arborescens,  L. 
*Gleditschia  triacanthos,  L. 
♦Prunus  avium,  Moench. 
•Prunus  Chamscerasus,  Lois. 

Prunus  Virginiana,  L. 

Prunus  serotina,  Ehrh 

Spirsea  salicifolia,  L. 

Spiraea  tomentosa,  L. 

Rubus  strigosus,  Mich. 

Rubus  occidcntalis,  L. 

Rubus  Canadensis,  L. 

Rubus  hispidus,  L. 

Rosa  lucida,  Ehrh. 

Rosa  Carolina,  L. 
*Ro6a  cinnamomea,  L. 
*Rosa  Alpina,  L. 
*Crat{egus  Ozyacantha,  L. 

Crataegus  tomentosa,  L. 

Amelanchicr  Canadensis,  Torr.  & 

Gray. 
var.    Dotryapium, 
Gray. 


♦Pyrus  communis,  L. 
♦Pyrus  mains,  L. 
♦Pyrus  aucuparia,  GsBrtn. 

Pyrus  Americana,  DC. 
♦Philadelphus  coronarius,  L. 

Hamamelis  Yirginica,  L. 

Comus  altemifolia,  L. 

Cornus  stolonifera,  Mich. 

Comus  paniculata,  L'Her. 

Comus  florida,  L. 

Sambucus  Canadensis,  L. 

Viburnum  Lentago,  L. 

Viburnum  dentatum,  L. 

Vlbumimi  acerifolium,  L. 
♦Viburnum  Opulus,  L. 
♦Symphoricarpusracemosus,  Mich. 
♦Lonicera  Etrusca,  Santi. 
♦Lonicera  Tartarica,  L. 

Lonicera  ciliata,  Muhl. 

Cephalanthus  occidentalis,  L. 

Gaylussacia    frondosa,    Torr.     & 
Gray. 

Gaylussacia    resinosa,     Torr.    & 
Gray. 

VacciniumPennsylvanicum,  Lam. 

Vaccinium  corymbosum,  L. 

Vaccinium  macrocarpon.  Ait. 

Gaultheria  procumbens,  L. 

Andromeda  ligustrina,  Muhl. 

Azalea  viscosa,  L. 
♦Rhododendron  Catawbiense,  L. 

Hex  verticillata.  Gray. 
♦Catalpa  bignonioides,  Walt. 
♦Lycium  vulgare,  Dunal. 
♦Syringa  vulgaris,  L. 
♦Ligustrum  vulgare,  L. 
♦Fraxinus  excelsior,  L. 

Fraxinus  Americana,  L. 

Lindera  Benzoin,  IMeisner. 

Ulmus  Americana,  L. 
♦Ulmus  campestris,  L. 
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Imu3  montana.  Wither. 
oma  rubra,  L. 

ataous  occidentoUs,  L. 
iglausciuerea,  L. 
irya  alba,  Nutt. 
irya  tomentosa,  Nntt. 
irya  porcina,  Nutt. 
irya  amara,  Nutt. 

Lierous  bicobr,  Wilid. 
iiercua  illcifolia,  Wang. 
uercus  coccinea,  rar.  tinctoria, 
Gray. 

istaaea  vesca,  h. 

igus  ferruginea  Ait. 

iry]u3  AmericaDa.  Walt. 

itrya  Virginica,  Willd. 

irpiuus  Americans,  Mich. 

irica  cerifera,  L. 

imptouia  asplenifolia.  Ait. 

tula  lenta,  L. 

tula     alba,    var.    popolifolia, 


I,  WiUd. 


Salix ? 

Salix ? 

•Populus  alba,  L. 

Populus  tretDuloides,  Mich. 

Populus  grandidentata,  Mich. 
•Piniw  sylrestria,  L. 
"Pinus  Lsricio,  Poir. 

I^DDS  rigida,  MiUcr. 

PiDus  Strobus,  L. 
•Abiea  nigra,  Poir. 
"Abiea  escelsa,  DC. 

Abies  baUamea,  Mars. 

Abies  Canadensis,  Mich. 
•Larii  Europ»a,  DC. 
'Chameecyparis    obtusa,    Sieb.  Jt 

Zucc. 
'Thuja  occideUtalia,  L. 

Juaiperus  Viiginiana,  L. 

Juaiperus  Sabina,  var,   proconk- 
bens,  Pnnih. 
•Juniperus  Chinenma,  L. 

Smilax  rotundifolia,  L. 

Snulax  herbacea,  L. 


•    APPENDIX  B. 
or  THE  I.ioNBOUS  Plants  kaibed  at  the  Arnold 

TWO  TBAB9  ENDING  DeCEMBEB  1,  1S71. 

Berberis  Canadeasb,  Pursh. 
Berberis  Sinensis,  Desf. 
Isomeris  arborea,  Nutt. 
Cistus  Corbarienais,  Ponrr. 
Cistus  laurifoUos,  L. 
Heliantbemuin     serpyllifolinm, 

Mill. 
Hcllanthemnni  roseum,  DC. 
Hype  tic  am  Androsxmam,  L. 
Hypericum  prolificum,  L. 
Till  a  platyphytla,  Scop. 
Zanthoiyluin  Amerioanani,  Sfili 
Ptelea  trifoliata,  L. 
Ailanthua  ghndulosua.  Deaf. 
Bhus  copalliua,  L. 


?matia  Dougiaaii,  Hook. 
L'mutia  Virginiana,  L. 
tgnolia  glauca,  L. 
ignolia  umbrella,  Lam. 
iimina  triloba,  Dunal. 
cculus  Carolinus,  DC. 
mispcrmum  Canadenae,  L. 
:ebia  quinata,  Decae. 
rberis  vulgaris,  L. 

rnr.  asperma,  Hort. 

viir.  aspemla,  Hort. 

car.  dulcia,  Hort. 

ear.  emarginata,  Hort. 

oar.  purpurea,  Hort. 

var.  Sibirica,  Hort. 
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Vitia  cordifolia,  var,  riparia,  Gray. 
Vitis  heterophylla,  Thumb. 
Rhamnus  catharticufl,  L. 
Rhamnus  infectorios,  L. 
Hhamnus  Frangula,  L. 
Ceanothus  Americauus,  L. 
Celastrus  scandens,  L. 
Euonymus  atropurpureus,  Jacq. 
Staphylea  trifolia,  L. 
Staphylea  Bumalda,  DC. 
Kcelreuteria  paniculata,  Laxm. 
.Ssculus  glabra,  VVilld. 
JEsculufl  flaira,  Ait. 

var.  purpurascens,  Gray. 
Acer  spicatum,  Lam. 
Acer  circinatum,  Pursb. 
Acer  glabrum,  Torr. 
Acer  rubrum,  L. 

Acer ? 

NeguDdo  aceroides,  Moench. 
Laburnum  vulgare,  Griseb. 

var.  involuta,  Hort. 

var.  grandiflora,  Hort. 

var,  fragrans,  Hort. 

var,  autumnalis,  Hort. 

var.    Waterer's,    Hy- 
brid, Hort. 

var.  quercifolia,  Hort. 

var.  Adami,  Hort. 

var.  arvensis,  Hort. 

var.  pendula,  Hort. 
Laburnum  alpinum,  Griaeb. 
Genista  radiata,  Scop. 
Genista  virgata,  DC. 
Genista  aphylla,  DC. 
Genista  iBtnensis,  DC. 
Grenista  tinctoria,  L. 
Spartium  janceum,  L. 
IHex  Europaeus,  L. 
Cytisus  albus,  Link. 
Cytisus    albus,    rar.    monstrosa, 

Hort. 
Cytisus  nigricans,  L. 
Cytisus  scoparius,  Link. 
Cytisus  capitatus,  Jack. 
Caragana  microphylla,  DC. 

TOL.  z.  88 


Caragana  frutescens,  DC. 
Caragana  frutescens,  var, 
Colutea  arborescens,  L. 
Colutea  cruenta,  Ait. 
Colutea  Haleppipa,  Lam. 
Cladrastis  Unctoria,  Raf . 
Sophora  speciosa,  Sbule. 
Cercis  occidentalis,  Torr. 
Gymnocladus  Canadensis,  Lam. 
Gleditschia  triacanthos,  L. 
Gleditscbia  Sinensis,  Lam. 
Gleditschia  ferox,  Desf. 
Acacia  Rcemeriana,  Schlecht. 
Prunus  Americana,  Marshall. 
Nuttallia  cerasiformis,  Torr.  and 

Gray. 
Spirsea  opulifolia,  L. 
Spiraea   chamsedrifolia,    var,   ob- 

longifolia,  Camb. 
Spiraea  trilobata,  L. 
Spiraea  salicifolia,  var.  camea,  Ait. 
Spiraea   salicifolia,    var,    semper- 

florens,  Hort. 
Spiraea  ariaefolia,  Smith. 
Spiraea  callosa.  Thumb. 
Spiraea  callosa,  var,  glabra. 
Spiraea  sorbifolia,  L. 
Spiraea  aruncus,  L. 
Spiraea  vaccinifolia,  Don. 
Spiraea  crataegifolia,  I^nk. 
Spiraea  Nobleana,  Hook. 
Exocorda  grandiflora,  Lindl. 
Cercocarpus  parvifolius,  Nutt. 
Rubus  suberectus,  Anders. 
Rubus  strigosus,  Mich. 
Rubus  laciniatus,  Willd. 
Rubus  cordifolius,  Weith  &  Ness. 
Rubus  tiliaefolius,  Weith  &  Ness. 
Rubus  leucostachys,  Schleich. 
Rubus    rhamnilolius,     Weith    k 

Ness. 
Rubus  villosus,  Ait. 

rar.  flora-pleno,  Hort. 
Rubus  deliciosus,  Torr. 
Rubus  rudis,  Weihe. 
Rubus  thyrsoideus,  Wimm. 
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Rub  as  parvifolius,  L. 

Eabiis  mucronatas,  Ser. 

Rosa  macrophylla,  Lindl. 

Crataegus  Pjracantha,  Pers. 

Crataegus  pyrif olia,  Ait. 

Crataegus  coccinea,  L. 

Crataegus  tomentosa,  var.  mollis , 

Gray. 
Crataegus  marroccana,  Fers. 
Crataegus  tanacetifolia,  Pers. 
Crataegus  Oxyacantha,  L. 

var,  fusca,  Uort. 

var,  flava,  Hort. 

var,  orientalis,  Hort. 

var.  incisa,  Hort. 

var,  strieta,  Hort. 

var,  laciniata,  Hort. 

var,  Oliveriana,  Hort. 

var,  ilicifolia,  Hort. 
Crataegus  melanocarpa,  Bieb. 
Crataegus  sanguinea,  Pall. 
Amelauchier  vulgaris,  Moench. 
Pyrus  parviflora,  Desf . 
Pyrus  floribunda,  Lindl. 
Pyrus  spectabilis,  Ait. 
Pyrus  prunifolia,  Willd. 
Pyrus  coronaria,  L. 
Jamesia  Americana,  Torr.  &  Gray. 
Philadelphus  coronarius,  L. 
Philadelpbus  grandiflorus,  Willd. 
Philadelphus  Gordonianus,  Lindl. 
Hydrangea  arborescens,  L. 
Liquidambar  styraciflua,  L. 
Cornus  stolonifera,  Mich. 
Cornus  paniculata,  L'Her. 
Comus  florida,  L. 
Cornus  Nuttallii,  Audubon. 
Nyssa  multiflora,  Wang. 
Sambucus  nigra,  var,  virescens, 

Hort. 
Sambucus  racemosa,  L. 
Sambucus  pubens,  Mich. 
Viburnum  opulus,  L. 
Lonicera  Etrusca,  Santi. 
Lonicera  flava,  Sims. 
Lonicera  Tartarica,  L. 


Lonicera  Xylosteum,  L. 
Lonicera  involucrata,  Banks. 
Lonicera  caerulea,  L. 
Lonicera  Iberica,  Bieb. 
Lycesteria  f ormosa,  Wall. 
Cephalantbus  oocidentalis,  L. 
Erica  vagans,  L. 

var,  purpnrascens,  Bree. 
Andromeda  ligustrina,  Muhl. 
Oxydendrum  arboreum,  DC. 
Daboecia  polifolia,  G.  Don. 
Rhododendron  Catawbiense,  Mich. 
Rhododendron  chrysanthum,  PalL 
Ilex  verticillata.  Gray. 
Callicarpa  Americana,  L. 
Fraxinus  Omus,  L. 
Fraxinus  excelsior,  L. 
Fraxinus  Americana,  L. 
Aristolochia  Sipho,  L'Her. 
Persea  Carolinensis,  Nees. 
Elaeagnus  argentea,  Pursh. 
Ulmus  montana.  Wither. 
Ulmus  racemosa,  Thomas. 
Planera  crenata,  Desf. 
Celtis  Australis,  L. 
Celtb  Toumefortii,  Lamb. 
Celtis  Sinensis,  Persoon. 
Celtis  occidentalis,  L. 

var,  crassifolia.  Gray. 
Celtis  Audibertiana,  Spach. 
Moms  rubra,  L. 
Juglans  cinerea,  L. 

Juglans ? 

Pterocarya  fraxinif olia,  Spach. 

Carya  alba,  Nutt. 

Carya  microcarpa,  Nutt. 

Carya  tomentosa,  Nutt. 

Carya  porcina,  Nutt. 

Carya  amara,  Nutt. 

Quercus  Robur.  var,  pednncolata, 

Willd. 
Quercus  alba,  L. 
Quercus  macrocarpa,  Mich. 

var.  olivseformis,  Gray. 
Quercus  bicolor,  Willd. 
Quercus  lobata,  Nees. 
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Quercus  Prinu§,  I^ 

Pinus  Balfou 

Quercus  ciuerea,  Mich. 

Rnua  escelsa 

Quercus  Sonomenaia,  Benth. 

Hnua  Strobu 

Quercus  imbricaria,  Mich. 

Fiuua  montic 

Quercus  aquatica,  Cateabj. 

Pinus  Laiube 

Quercus  nigra,  L. 

Knus  Torrey 

Quercus  ilicifolia,  Wang. 

Abies  alba.  It 

Quercus  coccinea,  Wang. 

Abies  orienta 

tor.  tinctorift,  Gray. 

Abiea  Engcln 

Quercus  rubra,  h. 

Abiea  NorJni 

Quercus  piUustriB,  Du  Roi. 

Abiea  Sibirici 

Quercus  chrjaolepis,  Licbm. 

Abies  amabili 

Quercus  densiflora.  Hook. 

Abies  grandis 

Caatanopsifl   cbrjsophylla,   Alph. 

Abies  con  cole 

DC. 

Abies  Merten 

Castanea  puraila,  Mich. 

Abies  PatCuni 

Corylus  Americana,  Watt. 

Abies  Dougl  a 

Ostrya  Virgiuica,  Willd. 

Larix  Dahuri. 

Carpiaus  betulus,  L. 

Larix  Icptole] 

Corpinus  Americana,  Mich. 

Cedrua  Atlau 

Betula  leuta,  L. 

Glyptostrobu; 

Betula    alba,     var.    populi  folia. 

Sequoia  gigai 

Spach. 

Libocedrus  di 

Betula  alba,  var.  urticifoKa,  Hort. 

Cnpreaaus  tor 

Alnus  glutinosa.  Willd. 

Cupresaua  fui 

Alnus  serruhita,  Ait. 

Cupressus  mo 

Piuuu  muricata,  Don. 

Thuja  gigatit 

Pinus  pungens,  Mich. 

Thuja  pUcata 

Pinua  inops,  Ait. 

Biota  oriental 

Pinus  mitb,  Mich. 

Juniperua    Si 

Pinus  Pinaster,  Ait. 

bena,  Pura 

t-or.  robusta,  Hort. 

Torrcya  Calif 

Rnus  resinosa,  Ait. 

Sroilas  rotuu. 

Pinus  Sabiana,  Dougl. 

Yucca  Trecul 

Pinus  ponderosa,  Dougl. 

Tucca  rupicol 

Pinua  Jeffrejii,  Murr. 

Yucca  baccati 

Pinna  Tsda,  L. 

Yucca  filarnei 

Fiuua  rigida,  Mill. 

Yncca  Whipp 
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14. — A  Record  of  Trials  of  various  Fertilizert  upon  ike 
'mn-jield  of  the  £tittey  Jnatitution,  By  F.  H.  SlofiEK, 
"ofessor  of  Agricultuial  Chemistry.  Fourth  Report. 
zsultB  obtained  in  1874. 

IB  Special  purpose  of  the  field  experiments  of  1874  was  to  con- 
the  results  obtained  in  1673  upon  the  plot<  to  which  Tarioas 
tret  of  fertilixeri  had  been  applied.  (Seepages  116  to  132  of  this 
letin.") 

lai^  unmber  of  trialB  made  with  "  special "  or  Bingle  fsnilizers  in 
revious  years,  1871  and  1872,  had  shown  that  the  land  allotted 
e  experiments  stood  in  partJcular  need  of  one  kind  of  plant  food 
page  115);  and  an  additional  set  of  trials  made  in  1873  wilh 
1  fertilizers  had  served  hi  indicate  in  a  measure  the  general 
lilities  of  the  land.  The  experiments  of  1874  were  repetitioog  of 
last,  made,  as  has  just  been  said,  for  the  sake  of  obtoioiog  a 
d  set  of  resulu  proper  to  be  contrasted  with  the  first  set,  and 
I  might  serre  to  confirm  them  or  to  disprove  them,  as  the  case 
;be. 

e  character  of  the  soil  and  subsoil  of  the  experimental  field  has 
described  on  page  80.  As  there  explained,  the  field  is  covered 
a  thin  layer  of  loam  that  rests  upon  a  deep  bed  of  coarse  gravel, 
position  of  the  plots  devoted  to  the  trials  now  in  question  will  be 
upon  the  diagram  on  page  118,  at  the  left  and  top  of  the  diagram, 
of  these  plots  bore  the  same  kinds  of  crops  in  1874  as  in  1873, 
iting  that  no  ruta-bagas  were  sown  or  planted  upon  any  of  the 
in  1874.  The  experience  of  the  previous  years  had  shown  that 
the  land  of  tliis  particular  field,  the  ruta-baga  crop  is  not  well 
1  for  the  kind  of  experiments  now  in  question.  The  line  of 
es  designated  EE,  Nos.  7,  8, 9  (barley  and  beans),  adjoining 
in  DD,  were  likewise  thrown  out  of  consideration,  becanse  ihiit 
of  land  had  been  contaminated  with  dung,  as  has  been  explained 
ige  126. 

le  same  kinds  and  quantities  of  fertilizers  were  applied  in  1674 
1873  and  in  predsely  the  same  places,  excepting  of  course  the 
■es  that  were  not  to  he  planted.     Compare  the  remarks  on  page 
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117.     The  mixtures  of  feriilizert  used  and  the  welglits  of  crops  ob- 
tained will  appear  from  the  following  tables. 


Section  E.— Babley.  — 1874. 


r 

Weights  of  Crops. 

Net.  of 

Kinds  and  Weights  of  Fertilisers. 

Sqiuhres 

Qrain. 

Straw  & 
Chaff. 

Total 
Product. 

1 

Neither  croD  nor  manure    .    .    .    .    . 

•  •    •   • 

•   •    •    • 

•    .    •   • 

(     dlOj 

iprms.  sulphate  of  ammonia    .    .  ) 

2 

{     468 
(     714 
(     895 

M 
»t 

,t           potash    .    .    •> 
Bay  State  superphosphate  i 
sulphate  of  ammonia    .    .  ) 

8.654 

6.846 

10.50 

8 

{     468 
(     714 
(     910 

$» 
ft 

,,           potash    .    .    .  > 
Coes's  superphosphate  .    .  i 
sulphate  of  ammonia    .    .  J 

8.799 

6.961 

10.75 

4 

{     468 
(     888 
(     890 

$» 
ft 
ft 

„           potash    .    .    .  > 
Wilson's  superphosphate  .  i 
sulphate  of  ammonia    .    .  ) 

8.722 

8.028 

11.75 

6 

I     468 
i     400 
(     910 

ft 
tf 
ft 

y,           potash    .    .    .  > 
Breck's  fine  bone-meal .    .  i 
sulphate  of  ammonia    .    .  J 

8.185 

6.265 

9.40 

6 

}     476 
I     714 

tf 
tt 

chloride  of  potassium  (88%)  > 
Bay  State  superphosphate  ) 

8.871 

6.629 

10.50 

EE4 

•    •    ■ 
(     910 

• 
tt 

No  manure 

sulphate  of  ammonia    .    . ) 

0.787 

8j012 

8.75 

7 

\     868 

tt 

pearlash > 

Bay  State  superphosphate  ) 

8.462 

6.798 

10.25 

(     714 

ft 

(     607 

ff 

nitrate  of  soda ) 

8 

{     476 
(    1580 

tf 
tt 

chloride  of  potassinm  (88%)  > 
fish-scrap ) 

4^298 

8.202 

12.60 

9 

1400 
400 

tt 
tt 

Peruyian  guano  .    .    .    .  ) 
sulphate  of  potash    .    .    . ) 

4.498 

8.602 

13.00 

Y 

18650 

tt 

ground  oyster-shells .    .    . 

0.516 

2.986 

8.60 

X 

18650 

tf 

oyster-sliell  lime  .... 

1.296 

4.454 

5.75 
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Section  EE. — Baslby. — 1874. 


N08.0f 

the 
Squares 


1 

2 

8 
4 
5 

6 


Kinds  and  Weights  of  Fertilizers. 


1164  grms 

468 

714 
1189 

468 

714 
1109 

463 

450 


t> 
>t 
>» 

ft 
»> 


nitrate  of  soda  .... 
sulphate  of  potash  .  .  • 
Bay  State  superphosphate 
nitrate  of  soda  .... 
snlphate  of  potash  .  .  • 
Cue  s  superphosphate .  . 
nitrate  of  soda  .  .  . 
sulphate  of  potash  .  .  . 
Breck's  coarse  bone-meal . 

No  manure 

nitrate  of  soda  .... 
sulphate  of  potash  .  •  . 
fine  bone-meal  .... 
nitrate  of  soda  .... 
chloride  of  potassium  (83 

percent) 

Bay  State  superphosphate 


Weights  of  Crops. 


Grain. 


4.846 

6.811 

4.843 
0.787 
8.918 

4.194 


Straws 
Chaff: 


8.404 

9.189 

7.407 
8.013 
6.832 

7.056 


Total 
Product. 


18.25 

14.50 

11.75 

8.76 

10.76 

11.250 


Section  EE  (South).— Beans.— 1874. 


Nob.  of 

tlie 
Squares 

Kinds  and  Weights  of  Fertilisers. 

Weights  of  Crops. 

Beans. 

Stalks, 

Leaves,  & 

Husks. 

Total 
Product. 

1 

2 

3 

G2 

4 
6 

6 

(   900  grms.  sulphate  of  ammonia  .    .     ^ 
}   611    „           „             potash  .    .    .     > 
/   866    „      Bay  State  superphosphate    i 
1    886    f,      sulphate  of  ammonia  .    .      ) 
}   611    „           „            potash  .    .    .     > 
r    865    ,,      Coe's  superphosphate .    .     i 
r   860    „      sulphate  of  ammonia  .    •     i 
}  611    „           „            potash  .    •    .     > 
/   570    „      Breck's  coarse  bone-meal     i 

\  8666    ,,      wood-ashes ) 

1   660    „      pure  sulphate  of  ammonia    \ 
(    875    ,,      sulphate  of  ammonia  .    .     } 
<   611    „           „            potash  .    .    .     > 
(   500    „      fine  bone-meal   .    .    .    .     ) 

....    No  manure 

r  900    ,,      sulphate  of  ammonia  .    .     1 
630    ,,      chloride  of  potassium  (88 

percent) 

[  865    ,,      Bay  State  superphosphate   J 

4.619 

4.889 

4.902 

8.235 

4.742 
0.742 

4.993 

6.045 

5.851 

6.807 

4.110 

6.393 
1.940 

6.281 

9.664 

ia690 

11.209 

7.345 

11.135 
2.682 

11.274 
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Seotion  EE  (North). — Beans. — 1874. 


No0.of 

the 
Squm 


KincU  and  Weights  of  Fertflixen. 


GG2 

8 
Z 

4 
6 

6 
H2 


1151  grms. 

611 

865 
1127 

611 

865 
8666 
1212 
1079 

611 

570 

18650 

1115 

611 

500 


1161 
680 

865 
8666 
8100 


» 

n 
n 
»f 
>» 
» 

» 

» 
>» 
>i 

ft 

» 

ff 

»» 
»* 
ft 


nitrate  of  soda  •  .  •  • 
sulphate  of  potash  .  • 
Bay  State  superphosphate 
nitrate  of  soda  .... 
sulphate  of  potash  .  . 
Coe's  superphosphate     . 

wood-ashes 

nitrate  of  soda  .... 
nitrate  of  soda  .... 
sulphate  of  potash  .  . 
Breck's  coarse  bone-meal 
crushed  oyster-shells .  . 
nitrate  of  soda  .... 
sulphate  of  potash  .  . 
fine  bone-meal  .... 
No  manure  .  .  .  .  . 
nitrate  of  soda  .... 
chloride  of  potassium  (88 

per  cent) 

Bay  State  superphosphate 

wood-ashes 

fish-scrap 


Weights  of  Crops. 

Beans. 

Stalks, 

LcareSfA 

Uusks. 

Total 
Product. 

4.616 

6.186 

10.802 

5^80 

5.902 

11.182 

4.098 

4.961 

9.059 

5.122 

5.696 

10.818 

0.484 

1.151 

1.685 

5.500 

6.174 

11.674 

0.912 

1.540 

2.452 

5.847 

5.444 

10.791 

4.494 

5.840 

10.884 

Three-Crop  Plots.  —  Babley.  — 1874 


Desig- 
nation 
of  the 
Squares 


Q 

GG 
H 


Kinds  and  Weights  of  Fertilizers. 


JJ 
E 

KE 


2778  grms. 

660 
2778 
1212 
4444 
8100 

883 

468 
1212 

838 

468 

952 
{8100 

468 

838 

468 
1560 

286 


tt 
» 
»> 
»> 
tt 
tt 
tt 
tt 
'it 
tt 
tt 
tt 
It 
tt 
tt 
It 
t* 


wood-ashes  .  . 
sulpliate  of  ammonia 
wood-ashes  .  . 
nitrate  of  soda  . 
wood-ashes  .  . 
fish-scrap  .  .  . 
bone-black  .  . 
sulphate  of  potash 
nitrate  of  soda  . 
bone-black  .  . 
sulphate  of  potash 
sulphate  of  ammonia 
fish-scrap  .  .  . 
sulphate  of  potash 
bone-black  .  . 
sulphate  of  potash 
fish-scrap  .  .  . 
nitrate  of  soda    . 


Weights  of  Crops. 


Grain. 


4.690 
4.421 
5.169 

2.688 

1.924 
4.085 

2.888 


Straw  & 
ChaflT. 


9.810 
9.579 
9.881 


6.612 

4.826 
a465 

6.167 


Total 
Product. 


14.500 
14.000 
15.000 


9.250 

6.750 
12.500 

9.000 
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Three-Crop  Plots.— Beans.— 1874. 


Desig- 
nation 
of  tbe 
Squares 


G 

GG 

•H 
Z 


JJ 
K 

EE 


Kinds  and  Weights  of  FertilixerSb 


Weights  of  Crops. 


Beans. 


8666  grms. 

660 
8666 
1212 
8666 
8100 
13650 

417 

Oil 
1212 

417 

611 

952 
8100 

611 

417 

611 
1550 

2b6 


>» 
ff 
tf 
»t 
ft 
»$ 
If 
tf 

» 
ft 
>t 
if 
tt 
*t 
t» 
>» 
ft 


wood-ashes .... 
sulphate  of  ammonia 
wood-ashes .  .  . 
nitrate  of  soda 
wood-ashes .  .  . 
fish-scrap  .  .  . 
crushed  oyster-shells 
bone-black  .  .  . 
sulphate  of  potash 
nitrate  of  soda 
bone-black  .  .  . 
sulphate  of  potash 
sulphate  of  ammonia 
fish-scrap  .  .  . 
sulphate  of  potash 
bone-black  .  .  . 
sulphate  of  potash 
fish-scrap  .  .  . 
nitrate  of  soda 


8.235 

4.098 

4.494 
0.484 

8.206 

8.005 
4.649 

3.766 


Stalks, 

Leaves,  & 

Husks. 


4.110 

4.961 

5.840 
1.151 

8.906 


8.428 
5.781 

5.061 


Tt»tal 
Ftoduct. 


7.845 

9.059 

10.884 
1.635 

7.112 


6.488 
10.880 

8.826 


Table  showing  the  Best  and  the  Worst  Bean  Crops 
obtained  in  1874  by  the  xjse  of  mixed  fertilizers. 


Names  and 

No8.  of 
the  Squares. 

Weights  of 
Beau  Seeds. 

Names  and 

Nf«.  of 
the  Squares. 

Wel^ts  of 
Bean  Straw. 

Names  and 

Noa.  of 
tbe  Squares. 

Weights  of 

Total 
Beau  Crops. 

♦N4 

6.500 

S4 

6.898 

N4 

11.674 

N6 

5.847 

S8 

6.807 

S  6 

11.274 

N2 

5.230 

S6 

6.281 

S  8 

11.-209 

N8 

5.122 

Nl 

6.186 

S  4 

11.185 

S6 

4.993 

N4 

6.174 

N2 

11.132 

S8 

4.902 

N2 

6.902 

N3 

10.818 

S2 

4.889 

S2 

5.851 

Nl 

10.8')2 

S5 

4.742 

H 

6.840 

N6 

10.791 

K 

4.649 

K 

6.781 

S2 

10.600 

SI 

4.619 

N8 

5.696 

K 

10.880 

Nl 

4.616 

N6 

6.444 

H 

10.a34 

H 

4.494 

KK 

5.061 

S  1 

'  9.664 

GG 

4.098 

SI 

5.045 

GG 

9.059 

KK 

8.765 

GG 

4.961 

KK 

8.826 . 

G 

8.235 

G 

4.110 

G      . 

7.845 

J 

8.206 

J 

8.906 

J 

7.112 

JJ 

8.005 

JJ 

3.4*28 

JJ 

6.433 

N5 

0.912 

S6 

1.940 

8  6 

2.682 

S5 

0.742 

N6 

1.540 

N6 

2452 

Z 

0.484 

* 

Z 

1.151 

Z 

1.635 

•  In  this  table  N  stands  fbr 

£E  {north)  and 

S  for  EE  {mufh 

). 
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Table   showing  the  Best  and  the  Wobst  Bablet  Cbops 

OBTAINED   IN   1874  BY  THE   UsE   OF  MiXED   FeBTILIZEBS. 


Names  and 

No«.  of  • 
the  Squares. 

Weights  of 
Barley  Qrain. 

Names  and 

Noe.of 
the  Squares. 

Weights  of 
Barley  Straw. 

Names  and 

Nos.  of 
the  Squares. 

Weights  of 

Total 

Bariey  Crops. 

BE  2 

6.811 

H 

9.881 

H 

16.00 

H 

6.169 

G 

9.810 

£E2    > 

14.60 

EEl 

4.846 

GG 

9.679 

G 

4.690 

EE2 

9.189 

GG 

14.00 

E9 

4.498 

£9 

&502 

EEl 

18.26 

GG 

4.421 

K 

8.465 

£9 

13.00 

EE8 

4^48 

EEl 

8.404 

E8     ) 
K      J 

12.60 

£8 

4.298 

£8 

8.202 

EE6 

4.194 

E4 

8.028 

E4     / 
EE8    ( 

1L76 

K 

4.036 

EE8 

7.407 

EE5 

8.918 

EE6 

7.056 

EE6 

11.26 

E6 

8.371 

E7 

6.798 

E8     ) 

10.76 

E8 

8.799 

£8 

6.951 

EE6    J 

E4 

3.722 

X2 

6.846 

E2     I 

10.50 

E2 

8.654 

EE6 

6.882 

E6     ( 

E7 

8.452 

£6 

6.629 

£7 

10.26 

E5 

8186 

J 

6.612 

E6 

9.40 

KK 

2.833 

E6 

6.265 

J 

9.26 

J 

2  638 

KK 

6.167 

KK 

9.00 

JJ 

1.924 

JJ 

4  826 

JJ 

6.76 

X 

1.296 

X 

4.464 

X 

6.76 

EE4 

0  737 

EE4 

8.018 

EE4 

8.76 

Y 

0.516 

Y 

2.985 

Y 

8.60 

The  season  of  1874  was  on  the  whole  not  unfevorable  for  the  growth 
of  the  experimental  crops.  The  abundant  rains  of  the  sprhig  and 
early  summer  enabled  the  barley  in  particular  to  grow  much  better 
this  year  than  in  1873.  The  beans  also  did  fairly  well  in  spite  of  the 
long-continued  drought  of  July,  August,  and  September. 

The  same  disturbing  influences  that  were  encountered  in  1873  upon 
a  few  of  the  plots,  figured  at  the  top  of  the  diagram,  due  to  unfavorable 
mechanical  condition  of  the  soil  as  mentioned  on  page  1 28,  were  again 
met  with  upon  those  squares.  In  consequence  of  these  exceptional  con- 
ditions, the  results  obtained  from  the  crops  grown  on  the  squares  marked 
J,  JJ,  Kj  and  KK,  cannot  be  put  in  comparison  with  those  from  the 
other  thirty-five  squares.  These  trifling  exceptions,  which  for  the  rest 
are  easily  accounted  for,  do  not  in  the  least  detract  from  the  general 
result  of  the  experiments  ;  namely,  that  the  crops  obtained  by  the  use 
of  the  mixed  fertilizers  were  excellent,  both  as  compared  with  those 
obtained  by  the  use  of  farm  and  stable  manure,  and  with  regard  to  the 
TOL.  I.  89 
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cost  of  the  iDgredients  of  sach  mixtures  as  compared  with  that  of  the 
dung  of  auimals.  In  respect  to  the  barley  crops,  for  example,  a  glance 
at  the  column  headed  "  Weights  of  barley  grain  "  in  the  Table  of  Best 
and  Worst  Crops  on  page  305,  shows  that  almost  every  one  of  the  mix* 
tures  of  a  nitrogenous,  a  potassic,  and  a  phosphoric  fertilizer  that  were 
employed  yielded  useful  results,  as  compared  with  those  obtained  from 
barn-yard  or  stable  manure  applied  at  the  rate  of  ten  cords  to  the  acre. 
See  beyond  page  815,  for  the  results  obtained  with  cow  dung  and 
horse  dung  in  1874,  and  the  general  table  on  page  164  for  the  results 
of  previous  years,  squares  B  1,  and  B  2. 

A  very  simple  calculation  will  be  sufficient  to  give  an  idea  of  the 
small  cost  of  employing  the  mixed  fertilizers,  as  compared  with  the 
cost  of  buying  farm  or  stable  manure.  Let  us  take  for  example 
the  mixture  that  was  applied  to  square  ££2,  which  gave  the  best 
yield  of  barley  grain  in  1874.  The  crop  was  at  the  rate  of  39^^ 
bushels  to  the  acre.  Since  each  of  the  squares  was  equal  to  jl^  of 
an  acre,  there  would  be  needed  of  the  mixture  in  question  for  an  acre 
of  land:  — 

Of  nitrate  of  soda  .     .     1139  grms.  X  162  =  184.510  kilos.  =  406   lbs. 
Of  sulphate  of  potash .      463     „      X  162  =   75.000  kilos.  =  165    „ 
Of  Coe's  superphosphate  714     „      X  162  =  115.670  kilos.  =  251i  „ 

But  in  thQ  spring  of  1874  nitrate  of  soda  could  be  bought  at  the 
rate  of  3|  cents  per  lb.,  currency ;  sulphate  of  potash,  containing  54^ 
of  real  potash,  could  be  bought  for  less  than  3  cents  per  lb. ;  and  the 
price  of  Coe*s  superphosphate  was  $50,  per  ton :  whence  it  appears  that 
the  cost  per  acre  of  the  mixture  in  question  would  have  been :  — 

406  lbs.  nitrate  of  soda (a)  $0.0375  =  $15.23 

165  ,,    sulphate  of  potash to)    0.03     =     4.95 

255  „     Coe's  superphosphate to)    0.025   =     6.38 

$26.56 

« 

I  have  taken  the  above  mixture  at  random  for  this  discussion, 
merely  because  the  barley  crop  obtained  by  means  of  it  happened  to 
stand  at  the  head  of  the  list  The  mixture  is  not  one  to  be  specially 
commended.  On  the  contrary,  the  amount  of  nitrate  of  soda  contained 
in  it  might  undoubtedly  be  reduced  at  least  one-half  with  advantage. 
But  it  is  manifest  that  the  prime  cost  of  the  mixture,  taken  exactly  as 
it  was  used,  will  compare  favorably  with  that  of  ten  cords  of  £urm  or 
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stable  manure  of  the  first  quaHty,  let  alone  the  question  of  transport- 
ing the  two  kinds  of  materiab  to  the  field  and  of  applying  them  to  the 
land.  It  is  to  be  observed,  moreover,  that  mixtures  of  commercial 
fertilizers  equally  efficacious  with  those  in  the  foregoing  lists  can  un- 
undoubtedly  be  prepared  by  the  farmer  at  decidedly  lower  cost  Thus 
in  the  case  of  the  mixture  £E  2,  barley,  that  has  been  specially  cited, 
it  would  undoubtedly  be  more  advantageous  to  buy  or  make  a  quantity 
of  one  of  the  plain  superphosphates,  such  as  have  been  described  on 
pages  179  and  187,  and  to  use  with  it  as  much  fish  scrap  as  should 
contain  an  amount  of  nitrogen  equal  to  that  in  the  255  lbs.  of  the 
snperphosphate  mentioned  in  the  above  list  For  example,  in  325  lbs. 
of  the  plain  superphosphate,  of  10^  soluble  acid,  at  $25  per  ton,  in- 
stanced in  the  note  on  page  186,  and  70  lbs.  of  fish  scrap  at  $18  per 
ton,  there  could  be  got  as  much  and  more  than  as  much  of  each  of  the 
two  kinds  of  plant  food,  at  one  quarter  less  cost  The  325  lbs.  of  plain 
superphosphate  would  cost  $4.06  and  the  70  lbs.  of  fish  scrap  $0.63, 
equal  $4.69  for  both. 

As  was  just  now  said,  400  lbs.  of  nitrate  of  soda  to  the  acre  is  an 
unnecessarily  large  application.  It  would  be  bad  practice  to  apply  so 
much  of  the  nitrate  all  at  once  to  any  field  crop.  It  is  to  be  noted 
moreover  that  a  considerable  part  of  whatever  amount  of  the  nitrate 
might  be  fit  and  sufficient  for  the  case  in  hand,  could  undoubtedly  be 
replaced  with  advantage  by  some  other  kind  of  nitrogenous  manure, 
such  for  example  as  fermented  peat,  or  night  soil,  or  sulphate  of 
ammonia  or  Peruvian  guano,  or  by  a  mixture  of  several  or  aU  of  these 
substances.  It  may  even  be  true  that  a  very  large  proportion  of  the 
nitrogenous  food  needed  by  the  crop  could  be  supplied  as  well  or  pos- 
sibly better  in  the  form  of  some  of  the  coarser  kinds  of  nitrogenous 
fertilizers,  such  as  fish  scrap,  and  fiesh  meal,  and  bone  meal,  than  if 
all  the  nitrogen  were  applied  in  the  form  of  its  more  active  and  costly 
varieties.  It  is  unquestionably  desirable  that  a  certain  proportion  of 
the  latter  should  be  contained  in  the  soil,  but  it  is  not  improbable  that 
a  very  small  amount  of  them  would  be  sufficient,  provided  there  was 
an  abundance  of  the  coarser  kinds  of  nitrogenous  food  at  hand*  The 
several  kinds  of  nitrogenized  fertilizers  differ  from  one  another  so  much, 
both  with  r^[ard  to  the  rapidity  of  their  action  and  in  respect  to  their 
retention  by  the  soil,  that  there  can  be  little  doubt  that  a  judicious  mix- 
ture of  two  or  more  of  them  is  better  suited  to  be  used  in  conjunction 
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with  the  potasdc  and  phosphatic  manareB  than  any  single  one.  In 
many  cases  it  might  even  be  best  to  use  no  nitrate  of  soda  whataoeTer 
in  the  original  mixture  of  fertilizers  that  is  put  upon  the  land  before 
the  seeds  are  sown ;  though  occasional  small  doses  of  the  nitrate^ 
applied  judiciously  from  time  to  time  while  the  crop  is  growing,  could 
hardly  fail  to  do  good.  It  would  of  course  be  impossible  to  come  to 
any  conclusion  of  general  applicability*  with  regard  to  a  question  of 
detail  so  intricate  as  this.  The  composition  of  the  best  possible  mix* 
ture  of  fertilizers  must  necessarily  vary  with  the  peculiarities  of  position 
and  the  character  of  each  particular  farm.  A  chemist's  experimenti 
can  do  no  more  than  indicate  the  broad  principles  upon  which  the 
application  of  fertilizers  depends.  It  belongs  to  the  farmer's  art  to 
apply  those  principles  with  such  intellig^ice  that  the  wished-fiur 
economic  result  shall  be  obtained  at  the  least  possible  cost 

It  is  to  be  observed  that  remarks  of  analogous  character  to  those 
just  made  with  regard  to  the  nitrate  of  soda  osed  upon  square  ££  2, 
would  apply  to  almost  any  of  the  mixtures  of  fertilizers  that  were 
employed  in  my  experiments.  It  is  not  at  all  probable  that  the  nitro- 
genous constituents  of  any  one  of  the  mixtures  were  the  best  possible, 
either  in  respect  to  quality  or  to  quantity,  for  the  conditions  of  soil  and 
moisture  that  obtained  in  the  experiment.  It  is  probably  true  in  general 
not  only  for  the  nitrogenons  nmnures,  but  to  a  less  extent  for  the  phos- 
phatic and  the  potassic  fertilizers  also,  as  has  been  urged  on  page  127, that 
a  certain  advantage  might  be  gained  when  using  mixtures  of  commercial 
fertUizers,  if  these  mixtures  were  prepared,  not  by  taking  a  single 
kind  of  fertilizer  out  of  each  of  the  three  great  classes,  as  has  been 
done  in  most  of  my  experiments,  but  by  choosing  in  an  intelligent  way 
several  varieties  of  each  of  the  three  special  classes.  Not  only  is  it 
likely  that  a  mixture  of  nitrate  of  soda  and  sulphate  of  ammonia  would 
generally  do  more  good  than  could  be  accomplished  by  the  same 
amount  of  nitrogen  applied  in  the  form  of  either  one  of  these  salts  by 
itself,  but  a  small  gain  of  analogous  character  may  probably  be  had 
by  using  judicious  mixtures  of  sulphate,  carbonate,  and  chloride  of 
potassium  rather  than  any  single  one  of  these  salts;  and  the  same 
remark  will  doubtless  apply  to  the  application  of  bone-meal,  or  ^  flesh 
meal,"  or  composted  bone-blac^  to  the  land,  in  oonnection  with  the 
use  of  a  true  superphosphate.  But  since  either  one  of  these  sub- 
stances, if  brought  in  contact  with  the  superphosphate,  would  tend  to 


BULLETIN  OP  THE  BUSSEY  INSTITUTION.  309 

interfere  with  the  legitimate  purpose  of  the  latter  which  is  to  diffuse 
itself  through  the  soil  and  so  disseminate  phosphoric  add,  neither  of 
them  should  be  put  into  the  original  mixture  of  fertilizers  which  con- 
tains the  superphosphate.  They  may  perfectly  well  be  applied  to  the 
land  after  the  superphosphate  has  had  time  to  soak  into  the  soil.  As 
a  matter  of  course,  considerations  such  as  these  are,  in  the  present 
state  of  agricultural  knowledge,  of  theoretical  interest  rather  than  of 
practical  importance,*  since  the  trouble  and  expense  of  handling  any 
considerable  Tariety  of  manures  would  in  many  instances  be  likely  to 
counterbaktnce  the  advantages  that  might  be  gained  in  the  manner 
indicated. 

The  fbUowing  calculations,  similar  to  the  one  giren  on  page  306, 
show  the  amounts  of  fertilizers  referred  to  the  acre  of  land,  and  their 
approximate  cost,  in  the  cases  of  mixtures  such  as  were  applied  to 
square  £E  (north)  No.  4  of  the  section  deroted  to  beans,  and  to 
squares  6  and  E  among  the  barley  crops.* 

For  an  acre  of  land  there  would  be  required  of  the  mixture  of  fer- 
tilizers used  upon 

Square  EE  (no7th)  4,  beans. 

Of  nitrate  of  soda  .     .    1115  grms.  X  162  =  180.630  kilos.  =  397J  lbs. 
Of  sulphate  of  potash       611     „       X  162  =    98.982      „    =217}   „ 
Of  bone  meal    ...      500    „       X  162  =    81.000     „    =178^  „ 

The  cost  per  acre  would  have  been  :  — 

397J  lbs.  nitrate  of  soda (a)  $0.0375  =  $14.90 

217|  „    sulphate  of  potash      .    .     .    .    ^    0.03     =      6.53 
178J  „    bone  meal ^    0.03     =     6.35 

$26.78 
Square  G,  barley. 

Of  wood-ashes    .     .     .    2778  grms.  X  162  =  450.036  kilos.  =  090   lbs. 
„  sulphate  of  ammonia    660     ,,     X  162  =  106.920    „     =2351,, 

The  cost  per  acre  would  have  been :  — 

990   lbs.  (=  20J  bushels  t)  wood-ashes     .    /S)$0.80=    $6.15 
235^  „    sulphate  of  anmionia     .    .     .    .    (a)    0.06:=    14.12 

$20.27 
*  The  yield  of  beans  upon  EE  4  was  at  the  rate  of  82^^  bushels  to  the  acre, 

that  of  barley  on  square  G  was  at  the  rate  of  84|  bushels,  and  on  square  K  at 

the  rate  of  80  bushels  to  the  acre. 
t  See  page  206,  note. 
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Square  K  harley. 

Of  fish  scrap    .     .     .    8100  grms.  X  162  =  602.200  kilos.  =  1105f  lbs. 
,,  sulphate  of  potash     463     ,,      X  162  =   75.000     „     =    165    „ 

The  cost  per  acre  would  have  been  :  — 

1108  lbs.  fish  scrap (a>  $18.00  per  ton    $9  95 

165  ,1  sulphate  of  potash     •    ,    .    (a>      0.03  4.95 

$14.90 

As  was  naturallj  to  be  expected  no  one  among  the  various  commer- 
cial fertilizers  employed  in  these  experiments  exhibited  any  note- 
worthy superiority  to  its  fellows.  The  mixtures  that  contained  nitrate 
of  soda  appear  to  have  given  rather  better  crops  on  the  whole  than 
those  which  contained  sulphate  of  ammonia.  It  will  be  remarked  that 
this  result  consists  with  what  has  been  said  on  307  as  to  the  advantage 
of  using  mixtures  of  several  kinds  of  nitrogenous  fertilizera ;  for  each 
of  the  superphosphates  that  were  used  in  my  experiments  contained  a 
small  quantity  of  ammonium  salts  ready  formed,  besides  nitrogenous 
matters  capable  of  forming  ammonia,  and  the  last  remark  will  apply 
to  the  bone  meals  also.  The  addition  of  the  nitrate  of  soda  had  con- 
sequently the  effect  of  increasing  the  resources  of  the  crops.  The 
plants  that  grew  upon  those  squares  of  land  which  received  the  nitrate 
manifestly,  had  access  to  a  greater  variety  of  food  than  their  competi- 
tors.  With  this  exception,  and  possibly  that  of  the  wood-ashes  also, 
there  was  no  indication  that  either  of  the  fertilizers  served  any  useful 
purpose  other  than  to  supply  the  amount  of  phosphoric  acid,  or  of 
potash  or  of  nitrogen,  which  analysis  had  shown  to  be  contained  in  it. 
When  used  in  fit  proportion,  in  conjanction  with  suitable  quantities  of 
the  other  kinds  of  plant  food,  each  and  all  of  the  materials  employed 
seem  to  be  useful  in  proportion  as  they  can  supply  one  or  another  of 
the  above-mentioned  desiderata.  Since  the  question  of  cost  was  not 
considered  in  choosing  the  fertilizers  for  these  experiments  most  of  the 
mixtures  might  be  greatly  improved  upon  in  that  respect,  as  has  been 
already  sugggested  on  pages  307  and  309.  In  point  of  fiict,  no  effort 
was  made  to  contrive  the  best  possible  mixture,  even  for  the  experi- 
mental field,  much  less  to  devise  a  mixture  that  should  be  generally 
applicable. 

Most,  if  not  all,  of  the  mixtures  used,  were  probably  very  much 
richer  in  one  or  another  of  the  elements  of  plant  food,  than  they  need 
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have  been.  It  will  be  seen  from  the  calculations  on  page  1 1 6,  that 
enough  of  each  kind  of  plant  food  was  taken  to  have  supplied  a  consid- 
erably larger  crop  than  was  actually  obtained  in  any  one  instance. 
The  calculations  in  question  were  based  upon  results  that  had  been 
obtained  in  previous  years  upon  a  strip  of  land  that  proved  to  be 
decidedly  deeper  and  richer  than  the  section  devoted  to  the  experi- 
ments with  mixed  fertilizers.  We  are  ignorant  as  to  how  much  more, 
or  how  much  less  of  a  fertilizer  than  can  be  removed  from  the  land, 
by  the  largest  crop  that  could  possibly  grow  there,  should  be  added  to 
the  land  in  any  given  case  in  order  to  obtain  the  maximum  crop.  The 
amount  needed  would  vary  not  only  with  the  chemical  composition, 
and  the  mechanical  texture  of  the  soil,  and  with  the  amount  of  moisture 
accessible  to  the  crop,  but  with  the  seasons  also,  accordingly  as  they 
were  more  or  less  wet  or  dry,  warm  or  cold.  It  was  partly  because 
of  this  uncertainty,  and  partly  in  the  hope  of  obtaining  a  still  larger 
crop  than  any  that  had  been  got  by  the  use  of  single  fertilizers,  that 
no  deduction  was  made  on  account  of  the  natural  strength  of  the  land 
from  the  data  which  served  as  the  basis  of  the  calculations  on  page  116. 
The  argument  there  developed,  would  plainly  have  been  more  logical 
if  Uie  yield  of  the  squares,  numbered  "  5,"  that  had  not  received  any 
manure,  had  been  subtracted  from  the  amounts  harvested  on  the 
squares  that  yielded  the  best  crops,  before  making  the  calculations. 
In  point  of  fact,  experience  has  shown  that  the  argument  and  my 
expectations  were  both  pitched  too  high.  The  crops  obtained  by  the 
use  of  mixed  fertilizers  in  1873  and  1874,  and  those  obtained  by 
means  of  heavy  dressings  of  dung  and  of  wood-ashes  in  1871,  72,  73, 
and  74,  show  very  clearly  that  the  power  or  ability  of  the  land  of  the 
experimental  field  to  yield  crops  is  limited  to  the  amount  of  five  or  six 
kilogrammes  of  grain,  whether  of  barley  or  beans  and  the  correspond- 
ing amount  of  straw ;  that  is  to  say,  under  the  conditions  of  climate 
and  tillage  that  have  obtained  in  these  years.  Although  this  subject 
has  been  discussed  quite  fully  already  on  page  129,  it  should  again  be 
said  that  in  view  of.  the  poor  character  of  the  surface  soil  of  the  exper- 
imental field,  of  the  great  distance  of  that  soil  from  the  ground  water 
(see  page  80),  and  of  the  coarseness  of  the  gravel  upon  which  the  soil 
rests,  it  may  fairly  be  held,  that  the  crops  actually  obtained  in  1874, 
were  in  general  as  good  or  very  nearly  as  good  as  could  have  been 
obtained  from  this  particular  soil  and  field  by  any  process  of  mere 
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manuring,  no  matter  how  diverse  the  kinds  of  fertilisers  or  how  abon- 
dant  their  quantity.  By  resorting  to  processes  of  tillage,  such  as 
trenching  or  subsoil  plowing,  by  which  the  soil  ooald  be  deepened  and 
its  power  of  lifting,  of  absorbing,  and  of  holdmg  water  increased,  or 
by  irrigating  the  land  with  water  outright,  it  would  of  course  be  possi- 
ble to  bring  the  soil  into  such  condition  that  it  might  bear  larger  crops 
and  utilize  more  manure.  Something  might  perhaps  be  done  by  judi- 
cious mulching  also.  Thus,  in  view  of  the  mulching  property  of  stable 
manure,  it  is  not  unlikely  that  a  certain  amount  of  such  manure  used 
in  conjunction  with  a  potossic  fertilizer,  or  with  a  mixture  of  potassic, 
phosphatic,  and  nitrogenous  fertilizers  might  have  yielded  a  somewhat 
better  crop  in  the  dry  seasons  of  1873  and  1874  than  either  of  the 
mixtures  of  fertilizers  that  were  actually  used. 

The  inutility  of  manuring  the  soil  of  the  field  so  beayily  as  has  been 
done  with  the  mixtures  above  described  is  still  further  illustrated  by 
the  results  of  a  blunder  made  upon  plot  H  in  the  spring  of  1873.  My 
original  intention  was  to  grow  ruta-bagas  upon  the  square  now  marked 
H  1  on  the  diagram,  and  the  comparatively  large  amount  of  mixed 
fertilizers  actually  put  upon  that  square  was  meant  to  support  a  rutar 
baga  crop.  But,  through  inadvertence,  barley  was  sown  upon  the 
square  now  marked  1,  and  ruta-bagas  were  sown  upon  the  square 
now  marked  3,  that  had  been  manured  for  barley.  Thus  it  happened 
that  the  barley  crop  that  grew  upon  square  H  received  4444  grms. 
of  wood-ashes  instead  of  2778  grms.,  as  was  intended.  The  error 
having  once  been  committed,  it  was  thought  best  to  persist  in  it 
Hence,  the  square  H,  barley,  got  the  same  excessive  dose  of  wood** 
ashes  in  1874  that  it  had  received  in  1873.  It  is  true  that  the  crop 
obtained  from  this  over-manured  square  was  one  of  the  best,  both  in 
1873  and  in  1874 ;  but  it  was  nevertheless  no  better  an  the  whole  than 
the  crop  from  square  G,  which  received  an  analogous  nrixtore  of  fer- 
tilizers, in  much  smaller  quantity.  It  will  be  noticed  on  the  other 
hand  (page  123),  that  the  comparatively  small  quantity  of  fertilizers 
put  upon  the  ruta-baga  square  H  in  1873  £uled  to  yield  so  large  a 
crop  as  was  obtained  from  square  G  and  square  GG.  Only  about  half 
as  much  potash  as  was  intended  was  really  put  upon  the  ruta-baga 
square  II  in  1873. 

As  illustrating  the  merits  of  wood-ashes  and  of  fish  sorap,  it  may  be 
remarked,  in  passing,  that  the  heavy  dressing  of  manure  applied  to 


BULLETIN  OF  THB  BU3SET  INSTITUTION.  818 

square  H,  barley,  really  cost  comparatively  little  money.  There 
would  be  needed  for  an  acre  of  land^  of  the  mixture  used  on  square  H, 
barley :  — 

Of  wood  ashes      .     .    44i4  grms.  X  162  =r  719.027  kilos.  =  1583f  lbs. 
„  fish  scrap    .     .     .    3100     „     X  1^2  =  602.200     „    =  1105|  „ 

The  cost  per  acre  would  have  been :  — 

1584  lbs.  (=  33  bushels)  wood-ashes       .     .    (a>  $0.30  =  $9.90 
1106   „    fish  scrap fS)  18.00  per  ton  =    9.95 

$19.85 

The  meagre  crops  yielded  by  squares  X,  Y,  and  Z,  that  were  dressed 
with  oyster-shell  lime,  or  with  crushed  oyster  shells,  show  how  little 
permanent  significance  carbonate  of  lime  has  by  itself  upon  a  soil  so 
poor  and  dry  as  this. 

It  is  to  be  regretted  that  the  soil  on  parts  of  the  squares  (J,  JJ,  K, 
and  KEt)  allotted  to  the  experiments. with  bone-black  should  have 
been  exceptionally  hard  and  unsuited  for  the  growth  of  plants,  as  has 
been  mentioned  on  page  128,  For  my  own  part  I  have  never  bad 
any  reason  to  doubt  that  in  the  great  migority  of  cases  it  would  be 
moch  better  practice  to  subject  spent  bone-black  to  fermentation  in  a 
heap  of  composted  peat  than  to  apply  it  directly  to  dry  land  in  its 
crude  condition.  A  conspicuous  method  of  French  agriculture  that 
has  been  alluded  to  on  page  269,  seems  to  point  very  clearly  to  the 
conclusion  that  spent  bone-black  might  be  used  with  advantage  by  our 
New  England  farmers  as  a  component  of  their  compost  heaps.  Some 
experiments  that  I  have  myself  made  on  a  small  scale  under  glass 
point  in  Uie  same  direction.  But  I  would  nevertlieless  have  been 
glad  to  test  the  action  of  the  crude  material  (spent  bone-black)  fairly 
npon  the  field,  as  contrasted  with  that  of  the  other  sources  of  phos- 
phoric acid.  The  fact  that  the  experimental  crops  grew  well  enough 
in  1874,  as  in  1873, .  upon  parts  of  each  of  the  squares  that  had 
h&m  dressed  with  the  spent  bone-black  showed  very  clearly  that  the 
land  was  in  bad  condition,  and  that  the  manures  applied  to  it  were  not 
m  a  position  where  they  could  be  fiurly  tested. 

Trials  op  Single  Fertilizers. 

The  experiments  with  farm — and  with  stable  —  manure  and  a  few  of 
the  trials  with  single  fertilizers,  such  as  had  been  made  in  1871,  1872, 
VOL.  I.  40 
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and  1873  were  repeated  in  1874,  as  will  appear  from  the  following 
table.  All  of  these  trials  were  precise  repetitions  of  those  of  the 
previoos  years.  They  were  made  for  the  sake  of'  testing  once  more 
the  effect  of  persistent  cropping  in  the  special  cases  to  which  they 
refer.  Among  the  large  number  of  experiments  with  single  fertilizers 
that  had  been  made  in  the  preceding  years,  the  few  kinds  enmnerated 
in  the  table  seemed  to  be  the  only  ones  whose  repetition  promised  to 
be  of  sufficient  interest  to  justify  the  trouble  of  it. 

The  good  effects  produced  by  the  potassic  fertilizers,  especially  by 
the  heavy  dressings  applied  to  squares  BB  6  and  BB  7,  are  again 
remarkable,  as  they  had  been  in  the  previous  years,  though  Uie  crops 
obtained  by  the  repeated  use  of  this  single  kind  of  plant  food  are  natu- 
rally smaller  than  those  from  the  squares  that  had  been  treated  with 
dung  or  with  a  mixture  of  fertilizers,  and  so  supplied  with  all  three 
of  the  important  kinds  of  plant  food.  So,  too,  the  crops  from  square 
BB  4  that  during  the  four  consecutive  years  had  received  an  enor- 
mously heavy  dressing  of  wood-ashes,  are  surprisingly  good.  It 
appears  from  the  analyses  that  have  been  reported. on  page  193,  that 
the  wood-ashes  used  in  these  experiments  contained  in  every  bushel 
about  3^  lbs.  of  real  potash  and  from  1^  to  1|  lbs.  of  phosphoric  add. 
Hence  there  was  applied  every  year  to  square  BB  4,  some  ten  or 
twelve  times  as  much  potash,  and  about  twice  as  much  phosphoric  add 
as  would  have  been  suffident,  according  to  the  estimates  on  page  116, 
to  supply  crops  even  larger  than  any  that  were  ever  obtained  from  this 
square.  The  ashes  probably  contained  no  nitrogen,  or  as  good  as 
none.  But,  thanks  no  doubt  to  the  alkaline  property  of  the  ashes,  the 
nitrogen  in  the  humus  of  the  soil  was  made  available  by  them  for 
the  crops.  As  has  been  stated  on  page  258,  a  sample  of  the  soil  of 
the  plain  field,  collected  in  1871  was  found  to  contain  rather  less  thsQ 
a  quarter  of  one  per  cent  of  nitrogen.  It  may  be  admitted,  moreover, 
that  upon  each  of  the  squares  devoted  to  the  experiments  there  were 
as  many  as  1 6,000  lbs.  of  dry  loam,  such  as  that  in  which  analysis  had 
indicated  0.249^  of  nitrogen.  Hence  there  must  have  been  as  much 
as  3d  lbs.,  or  more  than  17,000  grammes  of  nitrogen  in  the  soil  of 
BB  4  at  the  beginning  of  the  series  of  experiments ;  but  it  will  be 
seen  on  page  116,  that  the  highest  estimate  of  the  amount  of  nitrogen 
needed  by  either  kind  of  crop  is  less  than  600  grammes  per  year. 

The  squares  dressed  with  cow  dung  and  with  horse  dung,  undoubtedly 
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received  much  larger  quantities  of  plant  food  than  the  crops  conld  nse. 
Thus,  horse  manure  sent  from  stables  in  New  York  city  intd  Con- 
necticut by  railroad  was  found  by  Prof.  Johnson  *  to  weigh  35  lbs. 
per  cubic  foot  and  to  contain  (among  other  things)  0.53^  oi  nitrogen, 
0.51^  of  potash;  0.41^  of  phosphoric  acid ;  and  75^  of  water.  If 
it  be  admitted,  for  the  sake  of  the  argument,  that  the  stable  manure 
applied  to  squares  B  2  and  BB  2  was  of  similar  weight  and  composi- 
tion to  the  sample  examined  by  Johnson,  then  each  of  these  squares 
received  in  the  280  lbs.,  or  127^  kilos.,  of  the  manure  that  were 
applied  to  it  675  grammes  of  nitrogen,  649  grammes  of  potash  and 
522  grammes  of  phosphoric  acid ;  that  is  to  say,  vastly  more  of  each 
of  these  substances  than  was  applied  in  the  mixtures  of  oonunercial 
fertilizers,  or  than  there  was  any  real  need  of,  to  judge  by  the  data 
given  on  page  1 1 6  or  by  the  crops  that  were  actually  harvested  from 
the  squares  that  received  the  horse  dung. 

The  same  remark  will  apply  to  the  squares  that  were  dressed  with 
cow  manure.  Fresh  cow  dung  fix)m  "West  Cornwall,  Conn.,  as  exam- 
ined by  Prof.  Johnson,*  weighed  63  lbs.  to  the  cubic  foot  and  con- 
tained 0.38%  of  nitrogen;  0.36%  of. potash;  0.16%  of  phosphoric 
acid,  and  85  %  of  water.  Hence,  if  the  dung  applied  to  squares  B  1  and 
BB  1  was  of  similar  weight  and  composition  to  Johnson's  sample,  each 
of  these  squares  must  have  received  504  lbs.,  or  229  kilos.,  of  the 
dung,  containing  870  grammes  of  nitrogen,  825  granmies  of  potash,  and 
367  grammes  of  phosphoric  acid. 

It  is  hard  to  believe  that  the  application  to  dry  soils  of  such  enormous 
quantities  of  plant  food  as  these  analyses  indicate  can  be  either  judicious 
or  economical.  It  would  seem  to  be  far  more  reasonable  to  use  mod- 
erate quantities  of  stable  manure  in  conjunction  with  artificial  fertilizers, 
than  to  apply  large  quantities  of  the  dung  by  itself.  There  are  un- 
doubtedly certain  valuable  qualities  that  are  peculiar  to  stable  manure, 
notably  its  power  of  diffusing  nitrogen  compounds  in^the  soil,  as  was 
urged  on  page  131,  and  of  loosening  and  mulching  the  land.  It  is 
important  of  course  that  these  peculiarities  should  be  clearly  recog- 
nized hnd  made  the  most  of;  but,  in  so  far  as  concerns  the  carrying  of 
potash  and  of  phosphoric  acid  to  the  land,  it  does  not  appear  that  the 
dung  of  animals  has  any  special  merit.     In  this  respect  it  is  probable 

*  Seventh  Keport  Sec.  Connecticnt  Board  of  Agriculture,  1873,  page  850i 
The  dung  in  question  was  weU-nigh  free  from  any  admixture  of  straw. 
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that  dung  ia  but  little  if  any  better  as  a  manure,  than  the  plants  from 
which  it  was  formed ;  and  it  is  probably  true  that,  in  the  vast  majority 
of  cases,  the  real  efficiency  of  barn-yard  manure  would  be  increased  by 
the  addition  of  a  certain  proportion  of  soluble  potassio  and  nitrogenous 
fertilizers  and  by  dressing  the  land  beforehand  with  a  true  super- 
phosphate. Just  as  the  mulching  and  diffusive  power  of  the  stable 
manure  would  tend  to  increase  the  efficiency  of  a  mixture  of  artificial 
fertilizers,  as  was  urged  on  page  812,  so  the  ready  solubility  and  diffu- 
sive power  of  the  latter,  —  their  so-called  activity,  —  would  enable  the 
crop  to  use  the  constituents  of  the  dung  more  fully  than  would  other- 
wise be  possible.  There  is  manifestly  wide  room  for  observation 
and  for  the  exercise  of  judgment  in  adapting  such  mixtures  to  the 
conditions  and  requirements  not  only  of  each  special  farm,  but  of  each 
particular  soil  and  crop  and  field. 

For  the  sake  of  ready  comparison,  the  amounts  of  "  grain  **  and  of 
''total  product"  that  have  been  harvested  during  each  of  the  four 
years  from  the  barley  and  the  bean  squares  now  specially  in  question 
are  given  upon  the  next  page  in  tabular  form.  It  is  to  be  remembered 
that  the  barley  crops  of  1873  were  as  good  as  ruined  by  the  severe 
drought  that  prevailed  throughout  the  early  part  of  that  year. 
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Table  bhowixo  some  of  the  Crops  from  SeotiollS  B  and 
BB  DURING  Four  Consecutive  Years. 


Kinds  of  Manures. 


Fann  manure,  or  cow- 
dung     


Ditto 


Strawy  horse-manure 


Ditto 


Heavy  wood-ashes     . 


light  wood-ashes  .    . 


Heavy  sulphate  of  pot- 
ash    

Light  sulphate  of  pot- 
ash    

Heavy  carbonate  of 
potash 

Light  carbonate  of 
potash 

No  manure ;  rather 
-worse  land  than 
square  BB  5 .    .    . 

No  manure ;  rather 
better  land  than 
square  B  6   .    .    . 


1^ 


B  1 


BBl 


B  2 


BB2 


BB4 


B  4 


BB7 


B  7 


BB6 


B  6^ 


B  6 


BB5 


2? 
a  ^  . 


1871 
1872 
1873 
1874 

1871 
1872 
1873 
1874 

1871 
1872 
1873 
1874 

1871 
1872 
1878 
1874 

1871 
1872 
1878 
1874 

1871 
1872 
1873 

1874 

1871 
1872 
1878 
1874 

1871 
1872 
1878 
1874 

1871 
1872 
1873 
1874 

1871 
1872 
1873 
1874 

1871 
1872 
1873 
1874 

1871 
1872 
1878 
1874 


Barley* 


Weights 
Grain. 


2.570 
1.G50 
0.285 
8.842 

6.145 
2.760 
O.G72 
5.606 

2.590 
0.970 
0.265 
4.141 

4.000 
2.410 
0.461 
4.579 

4.725 
2.860 
0.770 
4.774 

1.570 
0.800 
0.259 
1.832 

4.630 
2.650 
0.496 
1.457 

1.035 
1.240 
0.202 
1.234 

2.095 
2110 
0.590 
2.254 

2.080 
1.760 
0.575 
1.616 

1.120 
0.750 
0.227 
0.905 

1.550 
1310 
0.202 
1.302 


Weights  of 
Total  Bar- 
ley Crops. 


21.100 
9.250 
8.250 

12.500 

23.400 

12.650 

4.250 

17.250 

18.750 
5.000 
2.250 

14.000 

19.850 

10.850 

3.000 

14.250 

20.100 

13.000 

3.750 

15.250 

8.750 
5.000 
1.750 
6.750 

18.500 

10.850 

2.750 

6.000 

6.400 
8.850 
1.250 
4.750 

9.00D 
7.000 
8000 
6.750 

9.750 
9.000 
8.000 
6.750 

6.000 
4.250 
1.750 
8.750 

6.500 
5.850 
1250 
4.750 


Beans* 


Weights 

of  Bean 

i^eeciB. 


7.880 
6.410 
4.640 

6.685 

6.066 
4.460 
4069 
4.612 

9.090 
6.600 
6.112 
6.680 

7.650 
4.580 
6.636 
6.023 

8.230 
6.320 
6.610 
6.205 

4.740 
6.440 
4.734 
8.825 

7.230 
6.760 
4.322 
8.859 

8.675 
4.660 
4.612 
2.561 

6.605 
6.190 
4561 
8.310 

4.550 
4.050 
4.021 
2.084 

0.665 
0.660 
0.349 
0.208 

2.460 
1.580 
0.881 
0.493 


Weights  of 

Total  Bean 

Crope. 


16.000 
12.750 
12020 
12.964 

15.100 

8.250 

11541 

10.494 

18.150 
7.25+ 
15.375 
18.089 

16.850 

8.000 

13.432 

13.611 

16.500 
11.000 
16.587 
12.809 

10.550 
9  100 

12.253 
9.038 

14.600 
9.500 

10.770 
7.444 

9.250 
7.600 
8.611 
6.780 

13.700 
8.b00 

10.489 
8.115 

9.400 
6.650 
9.636 
6.227 

8.750 
1.650 
8.409 
1.026 

6.800 
8.400' 
2.798 
1.419 
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No.  15.  —  The  Potato  Rot.    By  W.  G.  Fablow,  Assistant 
Professor  of  Botany  in  Harvard  University. 

While  it  has  been  known  to  botanists  for  more  than  twenty-five 
years  that  the  potato  rot  is  caused  by  the  growth  of  a  minute  fungus, 
called  by  Montague,  who  first  described  it,  Botrytis,  by  later  writers 
Peronospora  infestcmSy  there  are  certain  points  in  the  life  history  of 
this  fungus  which  have  not  yet  been  cleared  up,  —  points  which,  if 
answered,  might  suggest  to  the  farmer  a  means  of  avoiding,  to  some 
extent,  the  occurrence  in  its  worst  forms  of  this  unfortunately  too 
common  epidemic  The  object  of  the  present  paper  is  to  give  to  the 
agriculturalist  a  statement  of  the  condition  of  our  knowledge  of  the 
habits  of  the  Peronospora  infestans,  its  germination,  growth,  propaga- 
tion, <&c.,  to  state  the  questions  which  science  has  still  to  answer,  and 
the  direction  in  which  investigations  will  have  to  be  made  in  the  future, 
and,  finally,  as  ^  as  is  possible,  to  apply  the  knowledge  which  a  mi- 
croscopic study  of  the  Peronospora  has  given  us  to  a  consideration  of 
the  means  of  avoiding  or  diminishing  the  rot. 

It  might,  perhaps,  seem  superfluous  to  recount  the  symptoms  by 
which  the  disease,  the  rot,  manifests  itself,  so  familiar  are  they  to  the 
persons  into  whose  bands  this  paper  is  likely  to  fall.  It  makes  its 
appearance  in  midsummer  in  our  latitude,  usually  about  the  first  of 
August,  sometimes  earlier,  oftener  a  little  later.  At  times  its  advent 
is  so  sudden  that,  within  a  few  hours,  the  potato  fields  change  from 
green  to  brown  and  black,  and  the  plants  which,  in  the  morning,  gave 
promise  of  an  abundant  crop,  before  night  present  a  mass  of  decaying 
vegetation,  in  which  are  involved  not  only  the  leaves  and  stems,  but, 
also,  the  tubers.  The  disease  occurred  in  this  violent  form  in  1842, 
and  again  in  1845,  and  spread  over  a  good  part  of  the  United  States 
and  the  British  Provinces,  and  also  destroyed  the  crop  in  Great  Brit- 
ain, Ireland,  Belgium,  and  parts  of  Germany  and  France.  The 
greatest  injury  was  done  in  Nova  Scotia,  New  Brunswick,  and  Ire- 
laud,  owing  to  the  fact  that,  in  these  countries,  the  potato  was  the 
principal  crop.  Since  1845,  the  disease  has  recurred,  but  never 
with  such  violence,  although  during  the  last  year,  1874,  the  damage 
was  considerable.    Although  public  attention  was  first  called  to  thd 
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rot  in  1842,  it  is  not  at  all  likely  that  it  then  appeared  for  the  first 
time,  but  we  mast  suppose  that  some  of  the  vaguely  described  epidem- 
ics of  the  last  century  were  of  the  same  nature. 

It  is  with  such  sudden  and  violent  outbreaks  as  those  of  1842  and 
1845,  that  in  the  public  mind  the  potato  rot  b  associated.  As  a  rule, 
however,  the  disease  is  of  a  milder  type«  Instead  of  a  sadden  destmo- 
tion  of  the  crop,  there  appear  on  the  leaves  and  stem  brown  spots, 
which  gradually  extend.  After  a  while,  certain  plants  are  found  to  be 
rotting,  and  this  process  may  keep  on  until  a  whole  field  is  involved. 
This  case,  as  far  as  the  farmer  is  coucerned,  is  very  different  from  the 
other,  inasmuch  as,  having  seen  that  some  plants  are  rotting,  he  can 
then,  by  harvesting  the  rest,  save  a  portion  of  the  crop. 

In  whichever  form  the  rot  occurs,  it  makes  its  appearance  always 
about  the  same  time,  as  before  mentioned,  about  the  first  of  August^ 
and  always  in  damp  weather.  There  is  no  case  reported  as  occurring 
in  a  dry  season,  and  a  moist  condition  of  the  atmosphere  is  absolutely 
necessary  to  its  production  to  any  decided  extent  Damp,  muggy 
weather  is,  however,  quite  as  favorable  to  its  development  as  heavy 
rains. 

As  was  just  remarked,  the  disease  is  first  recognised  by  the  brown 
spots  f^pearing  on  the  leaves.  What  is  the  structure  of  these  brown 
spots  ?  But,  first,  a  word  <hi  the  normal  structure  of  the  potato  lea£ 
If  we  make  a  section  through  a  healthy  green-  lea^  and  examine  it 
with  a  moderately  high  power  of  the  microscope,  we  find  that  it  is 
composed  of  a  number  of  cells  or  sacs  packed  together  in  an  orderly 
sort  of  confusion,  if  one  can  say  so.  On  the  upper  and  lower  surfaces, 
respectively,  we  find  the  cells  arranged  in  a  single  layer,  known  as  the 
epidermis.  Here  the  cells  are  almost  colorless,  and  shaped  like  fiat 
tiles  or  the  bricks  of  a  sidewalk.  On  the  upper  surface  they  are 
nearly  continuous;  on  the  lower  we  find  certain  breaks,  known  as 
breathing-pores,  where  there  is  a  communication  between  the  internal 
part  of  the  leaf  and  the  external  air.  The  internal  cells  are  much 
more  nearly  spherical  or  ovoidal  than  the  external,  and  are  full  of 
roundish  green  bodies  which  are  called  chlorophyl-grains.  It  is  these 
bodies,  seen  in  mass,  which  make  the  whole  leaf  look  green  to  the 
naked  eye,  although  the  outside  epidermis  cells  are  colorless.  The 
internal  cells  are  packed  tolerably  closely  together  near  the  upp^ 
surface  of  the  leaf,  but  below  they  are  arranged  loosely,  so  that  there 
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are  a  good  ttaaj  air  spacer,  some  of  vrhich  connect  witl)  the  external 
air  by  means  of  the  breaiiiiiig-pores.  There  are  also  in  certain  parts 
of  the  leaf  handles  of  veesek  or  very  long  cells  with  thickened  walla 
marked  with  rings,  spirali,  Ac ;  but^  in  the  present  article,  we  need  not 
ccmaider  them. 


Suppose,  DOW,  we  make  a  section  through  one  of  the  brown  spots 
on  the  leaf  of  a  plant  affected  by  the  rot.  We  notice  that  the  cells 
are  of  about  the  same  shape  as  in  the  healthy  leaf,  but  the  chlorophyl- 
grains  have  lost  their  bright  green  color  and  are,  in  some  places,  evi- 
dently becoming  disintegrated.  We  notice,  also,  something  which  was 
Dot  seen  at  all  id  the  healthy  leat  A  number  of  bniDcbing  threads, 
represented  in  Fig.  1,  a,  a,  are  seen  running  between  the  proper  cells 
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of  the  leaf  previously  described,  and  pressing  against  them.  These 
threads  are  cylindrical  in  shape,  branch  in  all  directions,  and  are 
only  rarely  divided  by  cross  partitions.  They  are  of  a  brownish 
color,  and  filled  with  a  granular  mass  in  which  we  never  find  any 
chlorophyl-grains.  If  we  apply  iodine  and  sulphuric  acid  we  shall 
find  that  the  wall  of  the  filament  does  not  turn  blue,  or,  at  least,  not 
very  decidedly  so,  whereas  the  walls  of  the  true  leaf  cells  become  a 
bright  blue.  This  blue  color  is  owing  to  the  presence  of  cellulose^  a 
substance  allied  to  starch,  and  composed  of  oxygen,  hydrogen,  and 
carbon.  The  contents  of  the  leaf  cells,  known  as  the  protoplasm,  the 
outer  and  thicker  layer  of  which  has  been  called  the  primardicd  utricle^ 
contain,  in  addition,  nitrogen.  The  contents  of  the  mycelial  threads, 
except  that  chlorophyl-grains  are  wanting,  are  essentially  similar  to 
those  of  the  leaf  cells. 

We  need  not  limit  our  observations  to  the  brown  spots  on  the  leaves. 
If  we  examine  the  adjacent  green  part,  or  even  the  stalk,  we  shall  find 
the  same  filaments  running  between  the  cells,  the  ohly  difference  be- 
tween the  two  cases  being  that,  in  the  latter,  the  leaf-cells  have  a  fresher 
look,  and  the  chlorophyl-grains  are  still  green.  Sometimes  little  pro- 
jections are  given  off*  by  the  filaments,  which  depress  the  walls  of  the 
adjacent  cells,  or  even  perfbrate  them,  making  their  way  into  the  in- 
terior. Such  projections,  however,  are  not  common,  either  in  the 
leaf  or  stalk.  These  filaments  are  what  is  known  to  botanists  as  the 
mycelium^  or  vegetative  threads  of  a  fungus,  the  Peronospora  infestans ; 
and,  if  we  examine  any  potato  plant  affected  by  the  rot,  even  before 
any  spots  have  appeared  on  the  leaves,  we  stall  always  find  these 
threads  in  the  leaves,  stem,  and,  in  fact,  nearly  the  whole  plant. 

It  is  a  well  known  fact  in  vegetable  physiology  that  the  assimilation 
of  food  is  done  by  cells  containing  chlorophyl ;  and,  since  the  mycelium 
contains  no  chlorophyl,  the  Peronospora  must  steal  its  food  from  the 
already  assimilated  material  in  the  potato  cells.  It  does  this  by  direct 
absorption.  The  leaf-cells  are  capable  of  doing  a  certain  amount  of 
extra  work,  and  can  support  not  only  themselves,  but  a  given  amount 
of  the  Peronospora  also.  Accordingly,  we  see  some  leaves  green  and 
apparently  healthy,  which,  on  microscopic  examination,  are  found  to 
contain  some  of  the  mycelium  of  the  Peronospora.  But  there  is  a 
limit  to  the  capacity  of  the  green  cells  for  work,  and,  when  the  para- 
site has  grown  to  such  an  extent  as  to  demand  too  much  of  them,  they 
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die  overworked,  or,  in  other  words,  starved  out.  Such  is  the  process 
which  has  taken  place  in  the  hlack  spots  on  the  leaf.  Here  the  para- 
site has  increased  to  such  an  extent  as  to  destroy  the  proper  tissue  of 
the  leaf,  while,  in  the  adjacent  green  parts,  although  the  mycelium  is 
present,  it  is  not  in  such  quantity  as  to  overcome  the  assimilating  power 
of  the  leaf-ce]ls.  It  is  an  important  fiict  that  the  relative  activity  of 
the  latter  and  of  the  mycelium  varies  with  the  temperature  and  moist- 
ure of  the  surrounding  atmosphere.  The  Peronospora  is  much  more 
easily  affected  by  moisture  than  the  potato  plant  itself.  So  long  as  the 
air  is  dry,  the  mycelium  grows  but  slowly,  while,  unless  the  dryness  is 
excessive,  the  potato  leaves  can  do  their  work  very  well.  But  suppose 
the  temperature  to  keep  equally  warm,  and  the  atmosphere  to  become 
very  damp,  then  the  absorbing  pbwer  of  the  mycelium  is  very  much 
increased,  while  the  assimilating  power  of  the  leaf-cells  is  little  altered. 
Thus  it  happens  that  a  sudden  change  from  dry  weather  to  moist  will 
cause  the  mycelium  to  increase  so  very  much  beyond  the  power  of  the 
potato  plant  to  support  it,  that,  in  the  struggle  for  existence,  the  lat- 
ter blackens  and  dies.  Once  in  a  given  plant,  then,  w^  see  how  the 
Peronospora  can  destroy  it ;  but  the  question  arises,  How  does  it 
get  in  ? 

So  fur,  we  have  spoken  only  of  the  mycelium  as  found  in  the  leaf; 
but,  as  the  disease  advances,  it  is  found  in  any  part  of  the  plant,  even 
the  tubers,  and  the  description  given  of  it  in  the  leaf  will  answer  for 
it  in  any  part  of  the  plant,  except  that,  in  the  tubers,  it  is  generally 
a  little  larger  and  furnished  with  more  numerous  projections  than 
elsewhere.  When  the  disease  has  arrived  at  a  certain  point,  viz.,  just 
about  the  time  of  the  appearance  of  the  spots  on  the  leaves,  these 
mycelial  threads  make  their  way  into  the  air,  and,  taking  the  easiest 
course  for  this,  they  generally  grow  through  the  breathing-pores.  As 
has  already  been  observed,  the  breathing-pores  are  more  numerous  on 
the  under  surface  of  the  leaves  than  anywhere  else ;  and  it  is  on  this 
part  of  the  plant  that  we  most  easily  recognize  the  change.  To  the 
naked  eye  it  appears  like  a  slight  frost  on  the  leaf,  and,  after  the  spots 
have  begun  to  appear,  we  generally  find  around  them,  on  the  under 
BQThce  of  the  leaf,  a  ring  of  frost  work,  very  delicate,  however.  Under 
the  microscope  we  have  the  appearance  presented  in  Fig.  1,  where,  for 
convenience  in  printing,  the  leaf  has  been  inverted,  and  what  appears 
to  be  the  upper  surface  is,  in  reality,  the  lower.    On  the  left  hand  we 
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see  a  filament  which  is  just  making  its  way  through  a  hreathing<-pore, 
and,  in  the  centre,  an  older  one,  which  will  be  described  presently; 
Within  the  leaf  the  mycelium  is  seen  branching  amongst  the  cells. 
Once  in  the  air,  free  from  the  tissue  of  the  leaf,  the  mycelium  bears  the 
reproductive  bodies  or  jpore«,*— the  term  generally  given  to  all  bodies 
in  the  lower  plants  which  take  the  place  of  seeds  in  the  hi^er  plants, 
by  which  the  fungus,  or,  what  is  the  same  thing  in  this  ease,  the  disease 
is  conveyed  to  other  plants.  The  threads  either  grow  straight  forward 
or  branch,  and,  at  the  tip  or  tips,  swell  until  they  attain  the  shape 
shown  in  Fig.  1,  b.  They  are  cut  off  from  the  rest  of  the  mycelium 
by  a  cross  partition,  and,  when  ripe,  easily  fall  from  their  attachments. 
It  must  be  noticed  that  these  spores  are  €t$exual;  that  is,  produced 
directly  from  the  mycelial  threads  without  the  intervention  of  any 
sexual  organs,  such  as  are  known  by  the  names  of  aniheridia  and 
oogtmia,  terms  which  imply  a  functional  resemblance  to  the  anthers 
and  ovaries  of  higher  plants.  Grenerally,  just  before  the  spore  baa 
fallen  from  the  tip,  the  mycelium  immediately  below  grows  out  on  one 
side  upwards,  and  again  bears  a  spore  at  its  end.  In  this  way,  the  first 
spore  is  pushed  over,  so  that,  if  it  has  not  already  fallen  off,  ^  which 
it  is  very  likely  to  have  done,  —  it  looks  as  though  it  had  grown  from 
the  side  instead  of  the  tip ;  and  spore  number  two,  which  is  really 
lateral,  appears  terminal.  The  nodes  on  the  mycelium,  represented 
in  Fig.  \\  c,  show  where  previously  formed  spores  have  dropped  off,  the 
first  having  been  the  lowest  down. 

*  The  term  spore  applied  to  fungi  is  extremely  vBgne,  since  it  denotes  all  the 
reproductive  bodies,  without  regard  to  their  origin  or  structure.  The  most 
natural  division  of  spores  seems  to  be  that  of  many  continental  mycologists  into 
oospores,  or  those  produced  by  some  sexual  action,  and  asexual  spores.  The 
term  tporidium  does  not  seem  to  me  to  be  advisable,  inasmuch  as  it  denotes 
bodies  of  ^ulte  different  origin ;  for  example,  in  Mucor  the  so-called  sporidia 
are  asexual,  while  in  the  PerisporiacesB  the  asci  are  products  of  a  growth  follow- 
ing a  sexual  action.  The  immense  variety  of  asexual  spores  in  flingi  prevents 
us  from  using  a  single  word  which  will  apply  equally  well  to  all  cases.  The 
term  conidia  is  now  quite  generally  adopted  to  express  collectively  the  asexual 
spores.  The  body  containing  spores  is  known  as  a  sporangium.  In  the  case  of 
Peronospora  infestans»  we  are  at  a  losa  to  know  what  term  to  apply  to  the  aerial 
fruit  shown  in  Fig.  1,  b.  If  the  germination  always  took  pUuce  as  in  Fig.  2,  6, 
we  should  have  no  hesitation  in  calling  tlie  body  a  spore.  If  it  always  gei^ 
minated  by  zoospores,  as  in  Fig.  2,  c,  we  should  call  it  a  sporangium  or  oh 
oaporangium.  The  question  is  merely  a  verbal  one,  however.  The  fiicts  in  the 
case  are  easily  understood. 
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In  nature,  the  aseznal  spores  appear  principally  on  the  under  sur- 
face of  the  leaf  and  on  the  stalk,  but,  wherever  the  tissue  of  the  plant  is 
cut  so  that  the  enclosed  mycelium  readily  reaches  the  air,  we  may  have 

*  

them  produced.  This  may  be  shown,  artificially,  by  making  a  section 
of  a  tuber  affected  by  the  rot,  and  placing  it  in  a  moist  place.  In 
a  short  time  the  cut  surface  will  be  covered  with  a  layer,  like  cotton 
wool,  which,  on  examination  by  the  microscope,  will  be  found  to  con- 
sist of  mycelium  and  spores,  precisely  like  those  in  Fig.  1,  only  much 
more  luxuriant.  It  is  only  in  the  air,  however,  that  the  asexual 
spores  are  produced,  never  in  the  substance  of  the  potato.  When, 
however,  the  potato  tuber  has  so  far  rotted  that  there  are  cavities  in 
the  interior,  the  spores  may  be  produced  in  the  cavities. 

As  just  remarked,  the  spores  easily  drop  off,  and,  if  we  bear  in  mind 
that  the  greater  part  of  them  are  on  the  under  surface  of  the  leaf, 
they  naturally  fall  upon  the  leaves  below  and  to  the  ground.  They 
may  also  be  blown  away  to  a  distance.  They  are  easily  recognized  by 
their  oval  shape,  somewhat  pointed  at  one  end,  and  by  their  having  a 
very  short  stalk  at  the  blunt  end,  as  in  Fig.  2,  a.  If  they  fall  upon  a 
moist  surface,  no  matter  of  what  kind,  they  begin  in  a  few  hours, 
sometimes  even  in  the  course  of  a  single  hour,  to  germinate.  The 
way  in  which  they  do  this  varies  in  different  cases.  The  more  common 
mode  is  as  follows:  The  contents  of  the  spore  roll  themselves  up  into 
several  different  masses  which  collect  at  the  small  end,  and,  fiDally, 
burst  through,  as  is  shown  in  Fig.  2,  e,  leaving  the  empty  shell  behind. 
Fig.  2,  d^  gives  a  more 
highly  magnified  view  of 
one  of  the  bodies  repre- 
sented in  c.  They  move 
rapidly  about  over  the 
moist  surface  on  which 
we  have  supposed  them 
to  fall  for  from  fifteen 
minutes  to  half  an  hour,  the  motion  growing  constantly  slower. 
This  motion  is  brought  about  by  the  vibration  of  two  hair-like  bodies, 
called  ct'/io,  attached  as  shown  in  the  figure.  From  <the  fact  that  they 
move  about  like  animalcules  they  are  called  zoospores.  The  number 
produced  in  each  spore  is  generally  from  six  to  fifteen.  At  the  end 
of  about  half  an  hour,  having  come  to  rest,  the  cOia  disappear,  and  the 
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bodies  elongate  at  one  end  into  a  tube,  which  soon  begins  to  branch 
just  like  tlie  original  Peronospora  mycelium.     The  germlnatroir''5y^ 
means   of  zoospores,  although   the  most  frequeft,  is  not  the  only/ 
method.     Sometimes,  the  contents  of  the  spore  are  discharged  in  onef 
mass,  and  from  this  mass  zoospores  are  produced  as  before.     A  third\ 
and  more  simple  way  is  shown  in  Fig.  2,  b.     Here  the  germinal  tube| 
grows  directly  from  the  smaller  end  of  the  spore  without  the  inters 
vention  of  zoospores.   It  is  not  very  well  understood  why  the  spores  of 
the  same  fungus  should  be  subject  to  such  variations  in  their  mode  of 
germinating,  but  it  would  seem  to  depend   partly  on   the  influence 
of  light ;  the  production  of  zoospores  proceeding  more  favorably  in 
the  dark,  whereas  the  direct  production  of  a  germinal  tube  takes 
place  more  frequently  in  the  light.     I  have,  however,  repeatedly  sown 
spores  of  Peronospora  infestans  in  watch  glasses,  and  both  modes  of 
germination  were  seen  in  the  same  watch  glass.     The  germination  by 
zoospores  is  the  more  dangerous,  of  course,  because  each  spore  can 
then  reproduce  from  six  to  fifleen  new  Peronospora  plants  instead 
of  only  one,  and  those  who  are  fond  of  figures  can  easily  make  most 
appalling  calculations  to  show  what  would  be  the  result  if  all  these/ 
germinal  tubes  grew. 

Fortunately,  the  circumstances  under  which  the  tubes  will  grow  are 
limited,  as  the  group  of  fungi  to  which  the  Peronospora  infestans  is, 
or  until  recently  has  been,  supposed,  at  least,  to  belong,  will  grow  only 
on  a  single  species,  or  a  few  nearly  related  species  of  plants.  Conse- 
quently, although  the  Peronospora  spores  will  germinate  anywhere 
if  there  is  only  moisture  and  warmth,  the  germinal  tubes  will  all  die 
unless  the  spores  have  fallen  upon,  or  near,  some  potato  plant,  or  some 
species  of  plant  botanically  closely  allied.  Some  spores,  of  course, 
when  ripe,  easily  fall  upon,  or  are  carried  by  the  wind  to  other  pota- 
toes, as  yet  unaffected  by  the  rot.  Others  fall  to  the  ground  and  germi- 
nate there,  and  seem  to  be  able,  without  great  trouble,  to  penetrate 
to  the  tubers.  De  Bary  found  the  ground  under  infected  plants  full 
of  the  germinating  spores.  If  the  germinal  tubes  come  in  contact 
with  a  potato  leaf,  stalk,  or  tuber,  they  push  theii:  way  directly 
through  the  epidermis,  without,  apparently,  being  obliged  to  enter  by 
the  breathing-pores.  Once  inside,  the  myi^lium  grows  at  the  expense 
of  the  potato  cells  through  all  parts  of  the  plant,  as  we  have  already 
seen.     The  potato  rot  fungus  will  grow,  so  far  as  we  yet  absolutely 
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knoWy  only  on  certain  Solanacese,  including  the  tomato.     It  does  not, 
however,  succeed  well  on  the  latter.*   The  germinating  power  of  the'' 
spores  lasts  for  several  weeks,  but  they  do  not  germinate  after  a  win-  ; 
ter's  exposureJl; 

In  brief,  then,  the  mycelium  of  ihe  Peronospora  infestans,  after 
making  its  way  through  the  stem,  leaves,  and  root  of  the  potato,  passes 
through  the  breathing-pores  into  the  air,  and  there  produces  asexual 
spores.  These  falling  on  the  leaves  of  healthy  plants,  or  reaching  the 
tubers  in  the  ground,  spread  the  disease  from  plant  to  plant  with 
greater  or  less  rapidity,  depending  on  the  weather,  until  the  frost 
destroys  all  except  the  tubers  which  have  been  gathered  by  the 
farmer.  The  question  arises.  How  is  the  disease  propagated  from 
year  to  year?  Certainly  not  by  the  mycelium  in  the  dead  leaves 
and  stalks,  which  cannot  survive  the  cold  of  winter,  or  by  the  asexual 
spores  which  have  been  described.  One  way,  and  the  only  one,  so 
far  as  has  yet  been  proved,  is  by  means  of  the  mycelium  in  the  tubers 
which  have  been  gathered  in  the  fkll  and  planted  the  next  spring,  * 
Of  course,  very  rotten  potatoes  are  not  harvested,  neither  are  those 
known  to  be  rotten  planted  in  the  spring ;  but,  nevertheless,  as  can 
be  proved  by  microscopic  examination,  a  certain  amount  of  mycelium 
can  oflen  be  detected  in  potatoes  which  appear  sound,  and  it  only  needs 
a  sufficiently  damp  season  for  it  to  produce  disastrous  results. 

The  question  whether  the  disease  may  not  also  be  propagated  from 
year  to  year  in  some  way  different  from  that  just  mentioned,  requires 
farther  consideration ;  for,  although  such  may  be  the  case,  we  are  not, 
as  yet,  in  possession  of  a  sufficient  number  of  facts  to  warrant  us  in 
speaking  with  certainty,  and  it  must  be  regarded  as  an  open  question 
which  botanists  are  trying  to  answer.  There  are,  in  the  first  place, 
theoretical  grounds  in  feivor  of  such  a  belief.  The  bodies  called  spores 
in  fungi  are  some  of  them  asexual,  like  those  which  we  have  seen  in 
the  potato  rot,  and  others  are  the  result  of  some  sexual  action,  and 
are  known  as  oospores.  Any  species  of  fungus  may  have  both  sexual 
and  asexual  spores,  and,  perhaps,  several  different  kinds  of  the  Litter. 
Also,  when  a  fungus  is  parasitic  on  different  kinds  of  plants,  the 
mycelium  may,  on  one  kind,  bear  only  asexual,  on  another  only  sexual, 
spores,  or  the  two  may  be  borne  together.  Although,  in  the  case  of  a 
great  many  fungi,  the  oospores  have  never  been  found,  all  modem 
research  renders  it  extremely  probable  that  they  always  exist,  and  we 
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do  not,  at  the  present  day,  consider  our  knowledge  of  a  fungus  com- 
plete until  we  have  found  the  oospores,  and  the  organs  which  haTe 
produced  them,  the  antheridia  and  oogooia.  €n  the  case  of  Pero- 
nospora  infestans,  the  oospores  have  never  been  discovered,  aiid»  con- 
sequently, the  tme  systematic  position  of  this  Amgus  is  uncertain. 
Judging  from  the  mycelium  and  the  asexual  spores,  it  seems  nearly 
related  to  Peronospora  (Botrytis)  gang^iforrais,  Berk,  and  the  true 
Peronosporse,  where  both  oospores  and  asexual  spores  are  known. 
Reasoning  by  analogy,  we  should  expect  to  find  the  oospores  of  the 
so-called  Perono^>ora  infestans  like  those  of  Peronospora  gangU- 
Ibrmis,  which  causes  the  mould  in  lettuce,  unfortunately  common  in 
thb  Ticinity,  and  the  source  of  considerable  loss  to  market  gardeners. 
Let  us  examine  this  plant,  in  pasnng^  as  it  omy  help  to  a  clearer  con- 
ception of  the  potato  disease. 

The  lettuce  mould,  like  the  potato  rot,  sends  its  myoelinm  through 

the  foster  plant,  until  it 
finally  breaks  through  the 
breathing-pores  and  bears 
its  asexual  spores  in  the 
air,  as  shown  in  Fig.  3, 
which  represents  a  portion 
of  the  epidermis  of  tlie  let- 
tuce, with  a  breathing-pore 
through  which  the  myce- 
lium has  grown.  The  spores 
are  more  decidedly  oval 
tJban  in  the  potato  rot,  and 
are  arranged  star-fiishion 
on  the  swollen  tips  of  the 
mycelium.  They  germi- 
nate by  direct  germinal 
tubes,  in  the  way  shown 
in  Fig.  2,  ^  and  these 
penetrate  into  the  interior 
of  the  common  groundsel 
(Senedo  vulgnris),  chic- 
cory,  and  sow-thistle,  as  well  as  of  different  species  of  lettuce.  In 
the  substance  of  the  leaves  of  some  of  these  plants,  especially  the 
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gronndsel, 'the  oSsporee  of  Peronospora  gangliformis  are  produced. 
These  are  small  globular  bodies,  with  a  thicker  outer  covering  than  the 
asexual  spores  have.  ,  Thej  are  produced  in  the  following  way :  The 
mycelium  swells  up  into  a  sac  or  oogonium,  which  is  cut  off  from  the 
rest  of  the  mycdium  by  a  cross  partition,  shown  in  Fig.  4,  o ;  and  the 
protoplasmic  mass,  s,  rolls  itself  up  into  a  ball  at  the  centre,  which  is 
to  become  the  spore.  The  antheridium,  or  male  organ,  b  formed  by  a 
similar  swelling  at  the  end  of  another  filament,  which  applies  itself  to 
the  surface  of  the  oogonium  as  shown  at  Fig.  4,  a.  The  sexual  act 
consists  in  the  growth  of  a  small  tube,  called  the  poUinodium,  from 
its  supposed  resemblance  to  a  pollen  tube,  which  penetrates  to  the 
protoplasmic  mass  in  the  centre  of  the  oogonium.  As  a  result  of 
this  contact,  a  wall  of  cellulose  is  formed  around  the  mass  which 
grows  into  the  spore.     These  sexual  spores,  buried  ki  the  leaf,  are 
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much  tougher  than  the  asexual,  and  can  endure  the  cold  of  winter 
and  drought  of  summer  to  a  much  greater  degree.  When  the  lettuce 
leaf  dies,  the  proper  leaf  cells  decay,  leaving  the  oospores  behind, 
iv^hich  then,  after  the  lapse  of  some  weeks,  begin  to  germinate. 

Another  &miliar  case  of  a  fungus  having  both  sexual  and  asexual 
spores  is  seen  in  the  Cystopus  candidus  or  white  mould  on  cruciferous 
plants,  mustard,  radishes,  cabbages,  <fec.  The  asexual  spores  are  here 
again  on  the  surface  of  the  leaf  or  stem,  while  the  sexual  are  buried 
in  the  tissue.  The  former  are  not  single  as  in  Peronospora  infestans 
and  gangliformis,  but  in  rows  packed  closely  together,  which,  to  the 
naked  eye,  appear  like  white  spots  on  the  leaves  and  stems.  The 
odspores  are  produced  in  the  same  manner  as  those  of  Peronospora 
gangliformis,  and  differ  from  them  in  having  certain  brown  wavy 
ridges  running  over  them,  as  in  Fig.  5.  These  oospores  are  only  set 
tree  by  the  decaying  of  the  leaf  substance  around  them,  and  take  a  very 
VOL.  I.  42 
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much  longer  time  to  germinate  than  the  asexual  spores.  Analogy,  then 
on  the  supposition  that  the  potato  rot  is  a  true  Feronospora,  would  lead 
us  to  search  for  the  oospores  in  the  substance,  not  on  the  sur&tce,  of 
the  potato  or  some  allied  plant.  The  potato,  however,  has  been  so  well 
searched  by  different  observers,  that,  if  the  oospores  are  really  there,  it 
seems  hardly  credible  that  they  should  for  so  long  a  time  have  escaped 
observation.  The  more  probable  suppositicMi  would  be  that  the  disease, 
as  well  as  the  potato,  was  imported  from  Peru,  and  that,  in  that  conn- 
try,  the  Feronospora  lives  upon  different  species  of  Solanum,  of  which 
there  are  a  good  many  that  inhabit  Peru,  and  that,  although  when 
growing  on  the  potato  only  asexual  spores  are  produced,  yet,  on  o^er 
species  of  Solanum,  oospores  as  well  are  found.  If  this  last  supposed 
species  of  Solanum  has  not  yet  been  introduced  into  Europe  or  North 
America,  that  is  a  sufficient  reason  why  we  know  nothing  about  the 
oospores.  Until  quite  recently,  this  view  has  been  adopted  by  many 
botanists. 

The  migration  of  a  fungus  in  the  track  of  plants  exported  for  culti- 
vation is  not  so  improbable,  as  it  might  at  first  sight  seem.  In  the  case 
of  the  Feronospora  infestans,  we  have  no  accurate  record  of  the 
migration ;  but,  within  a  few  years,  we  have  seen  a  good  illustration,  in 
the  case  of  the  so-called  hollyhock  fungus  (Fuccinia  Malvacearum, 
Mont ) ,  of  what  might  happen  in  other  cases.  Some  years  ago  Hon tagne 
described  a  fungus  from  Chili  which  was  parasitic  on  certain  species  of 
mallows,  and  which  he  named  Fuccinia  Malvacearum.  At  that  time,  the 
fungus  was  entirely  unknown  both  in  North  America  and  Europe.  A 
few  years  ago,  a  disease  began  to  attack  the  hollyhocks,  members  of  the 
mallows  ^tmily,  in  the  United  States.  This  disease  was  found  to  be 
caused  by  the  growth  of  Fuccinia  Malvacearum.  A  little  later  the 
same  disease  was  noticed  in  England,  and  later  in  Central  and  South- 
ern France,  where  it  attacked  the  common  mallows  of  the  field  as 
well  as  the  cultivated  hollyhocks.  In  1873  the  fungus  first  appeared 
in  the  region  of  Strasbourg,  and  in  1874  it  had  advanced  as  far  as 
Amsterdam  in  Holland,  and  Nuremberg  and  Erlangen  in  Germany. 
This  instructive  case  shows  that  a  parasitic  fungus  may  spread  over  the 
world  as  readily  as  common  weeds  have  done. 

But  it  may  be  that  the  potato-rot  fungus  is  really  not  a  Feronospora 
at  all.  It  may  be  a  fungus  imitating,  to  a  certain  extent,  the  rust  in 
grain,  which  passes  through  different  stages,  in  one  of  which  it  lives 
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on  the  berberry,  in  another  on  grain.  Perhaps  the  potato  rot,  after 
living  for  a  certain  length  of  time  on  the  potato,  and  bearing  asexual 
spores,  passes  in  some  way  to  an  entirely  different  plant,  and  there 
bears  its  oospores.  But  to  what  plant  does  it  change  ?  We  cannot 
tell,  with  the  least  degree  of  certainty.  There  is  a  suspicion  that  it 
may  be  to  clover  or  grain,  wheat  or  oats,  for  example,  from  the  general 
belief  that  the  rot  is  very  likely  to  appear  when  potatoes  follow  either 
of  those  crops.  Besides,  the  mycelium  of  a  fungus  supposed  to  have 
some  connection  with  the  potato-rot  fungus  has  been  found  in  clover 
and  straw.  Should  this  really  prove  to  be  the  case,  we  shall  have 
gained  a  valuable  piece  of  information,  since  in  no  case  should  pota- 
toes be  planted  near  or  be  allowed  to  alternate  with  either  clover  or 
grain,  for  fear  of  propagating  the  rot.  Unfortunately,  about  tliis  point 
theories  are  abundant  and  facts  as  yet  scanty.  There  is  by  no  means 
a  unanimity  of  opinion  as  to  whether  potatoes  are  very  likely  to  rot 
after  clover,  wheat,  or  oats.  Of  the  fungus  found  on  clover  and  on 
straw,  we  know  nothing  about  the  fruit  of  either  kind,  and,  unless  there 
is  something  more  peculiar  about  the  mycelium  than  we  have  been 
given  to  understand,  it  would  be  visionary  to  trace  any  particular  con- 
nection with  the  potato-rot  fungus.  Botanists  are,  however,  at  work 
on  the  subject,  and  we  may  expect  at  any  moment  valuable  discoveries 
in  this  direction.  Professor  De  Bary,  of  Strasbourg,  —  whose  memoir 
of  the  PeronosponE,  published  in  the  "  Annales  des  Sciences  Natureiles.'* 
vol.  XX.  1863,  is  the  most  exhaustive  account  of  that  group  yet  pub- 
lished,—  is  still  at  work,  and  from  him  we  may  receive  a  solution  of  the 
botanical  difficulties.  In  the  mean  while,  the  American  farmer  can  con- 
tribute something  to  the  general  stock  of  knowledge  by  noting  the 
apparent  effect  which  a  different  succession  of  crops  has  upon  the  prev- 
alence of  the  rot.  In  the  Journal  of  the  Royal  Agricultural  Society 
of  England,  vol.  x.  part  2,  for  1874,  are  given  the  results  obtained 
from  answers  to  twenty-five  questions,  addressed  to  one  hundred  pota- 
to cultivators  in  different  parts  of  England.  From  these  answers,  it 
would  seem  that  there  is  a  tendency  for  the  rot  to  prove  particularly  bad 
when  potatoes  follow  clover.  Interesting  facts  on  this  point  might  be 
observed  by  our  own  cultivators  to  supplement  those  recorded  in  Eng- 
land, and  we  would  propose  the  following  questions  for  the  considera- 
tion of  farmers  in  connection  with  the  rot:  — 


832  BULLETIN  OP  THE  BUB8ET  INSTJTUTION. 

1.  What  is  the  nature  of  the  soU  on  wfaidi  you  baye  planted  potatoes 
this  year  ? 

2.  What  crop  has  preceded  the  potatoes  ? 

3.  What  was  the  preparation  of  the  land  for  potatoes?  What 
manures  have  been  used  ? 

4.  What  varieties  of  potato  have  you  planted,  noting  whether  the 
varieties  were  eariy  or  late  ? 

5.  Wbi^  was  the  date  of  planting  ? 

6.  What  was  the  exact  date  of  the  appearance  of  the  rot  ? 

7.  What  varieties  seemed  to  suffer  least  from  the  disease  ? 

8.  What  proportion  of  the  crop  was  destroyed  ? 

9.  On  first  noticing  the  rot  what  was  done  to  save  the  tubers,  and 
with  what  result  ? 

10.  FoUamng  a  clover  crap,  how  art  potatoes  affected  hy  the  rot,  par* 
iicularly  badly  or  not  f  After  potatoesy  does  clover  do  well  f  Have  you 
observed  any  fungus  upon  clover  f 

11.  FoUovnng  a  wheats  oat,  or  rye  crop,  how  ca^  potatoes  affected  hy 
the  rot  f  When  wheat,  oats,  or  rye  follow  potatoes,  what  is  the  re* 
sultf 

Before  proceeding  to  a  consideration  of  the  best  means  of  diminish- 
ing the  rot,  let  us  examine  some  of  the  supposed  objections  to  the 
fungus  theory  of  the  disease.  It  may  be  premised  that  such  objections 
are  not  urged  by  men  of  science,  and  that  entomologists  as  well  as 
botanists  acknowledge  the  ^ngus  origin.  We  must  at  the  outset  dis- 
tinguish between  potatoes  affected  by  the  rot,  and  rotten  potatoes.  If 
we  take  any  healthy  potato  and  keep  it  in  a  sufficiently  wet  place,  it 
will  become  mouldy  and,  finally,  rotten.  We  shall  not  find  any  of  the 
Peronospora  infestans  on  it,  however,  but  ordinary  moulds  which  live 
upon  decaying  substances,  as  Mucor,  Penicillium,  &c^  —  moulds  which 
can  grow  on  almost  any  dead  matter,  but  which  do  not  atttick  living  veg- 
etable tissues.  In  other  words,  we  have  put  a  healthy  potato  under 
such  circumstances  that  it  has  begun  to  decay,  and  then  some  of  the 
spores  of  those  fungi  which  live  on  decaying  matter  settle  upon  it, — 
the  air  is  always  full  of  such  spores,  —  and  grow.  These  moulds  do 
.not  attack  living  potato  plants,  and  are  not  to  be  dreaded,  because  we 
have  only  to  keep  the  potatoes  when  harvested  in  a  dry  place  to  avoid 
all  trouble. 

In  Figs.  6  and  7  are  roughly  represented  two  of  the  common  moulds 
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which  attack  decaying  substances,  and  are  found  on  potatoes  as  well 
as  on  a  great  many  other  substances.  Fig.  6  is  the  fungus  known  as 
Mucor  stolonifer  De  Barj  (Rhizopus  nigricans  and  Ascophora  mucedo 
of  many  writers),  and  is  particularly  common  on  bread.  Fig.  7  repre- 
sents the  mycelium  and  asexual  spores  of  Penicillium  crustaceum,  Fr. 
(P.  glaucum  of  other  writers),  which  is  the  common  blue  mould  found 
on  most  articles  of  food. 

The  potato  rot  is  a  totally  different  thing.  Here  we  have  a  fungus 
which  attacks  the  potato  plant  while  it  is  yet  alive^  and  the  crop  is 
destroyed  either  by  a  direct  invasion  of  the  tubers  by  the  mycelium  of 
the  Peronospora,  or  by  the  destruction  of  the  tops  before  the  tubers 
have  attained  a  sufficient  size.     When  the  potato  plant  dies,  the 


Fio.  6. 


Fio.  7. 


Peronospora  which  has  destroyed  it,  dies  with  it ;  but,  after  it  is  dead, 
it  may  still  be  attacked  by  some  of  the  decomposition  moulds  before 
mentioned  and  by  insects. 

Whatever  science  may  have  to  say,  no  season  during  which  the  rot 
has  prevailed  to  any  extent  ever  passes  that  some  cultivator  of  potatoes 
does  not  proclaim  to  the  world  that  he  has  discovered  that  the  disease 
is  caused  by  insects,  and  offers,  as  proof,  the  fact  that  he  has  found 
insects  on  some  rotten  potatoes.  The  mere  fact  that  insects  are  found 
on  rotten  potatoes  does  not  prove  any  thing  whatever  as  to  the  cause 
of  the  rot  It  is  quite  as  logical  to  infer  that  the  rotten  potatoes  pro- 
duced the  insects  as  that  the  insects  produced  the  rot  To  prove  the 
point,  one  should  have  found  the  insects  on  healthy  potatoes,  and  have 
noticed  that  the  rot  always  followed  their  visits,  and  did  not  appear  at 
other  times.  Those  who  think  there  is  something  in  the  insect  theory, 
and  this  number  certainly  does  not  include  any  entomologist,  do  not 
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tell  us  what  the  insect  is,  neither  do  they  ez[^aiii  whj  it  is  that  tornips, 
carrots,  and  other  roots,  are  attadced  hj  insects,  and  yet  no  disease  in 
the  least  resembling  the  potato  rot  attadLs  any  of  these  plants. 

The  theory  that  the  disease  arises  from  an  exhausted  condition  of  Uie 
potato  plant  which  has  been  cultivated  too  long  by  cuttings  is  destroyed 
by  the  &ct  that  seedlings  are  affected  as  well  as  other  plants,  and  by 
the  fact  that  the  disease  prevails  amongst  the  wild  species  of  PerOf 
where  the  potato  is  indigenous.  The  theory  that  it  is  owing  to  some 
morbid  change  in  the  juices  of  the  potato,  and  that  the  Peroaospora 
does  not  cause  the  disease,  but  itself  lives  upon  the  morbid  products,  is 
overthrown  by  the  following  experiment  which  has  been  repeated  oTer 
and  over  again,  and  which  any  one  who  owns  a  microscope  can  easily 
perform:  Slice  a  potato  affected  by  the  rot^  and  let  it  stay  under 
a  glass  until  the  cut  surface  is  covered  by  the  cotton-wool-like  mass  of 
Peronospora.  Then  slice  a  sound  potato,  and  place  the  two  halves 
under  different  glasses.  On  one  sprinkle  some  of  the  Peronospora 
spores  from  the  first  potato,  and,  in  from  twenty-four  to  forty-eigbt 
hours,  it  will  become  covered  with  a  mass  of  mycelium  and  spores, 
which,  under  the  microscope,  will  be  recognized  to  be  those  of  Pero- 
nospora infestans,  and  the  mycelium  will  be  found  running  through  the 
tuber  in  all  directions,  and  the  tuber  becomes  rotten  at  once.  The 
other  half  will  remain  unchanged,  except  that  the  cut  surface  grows  a 
little  darker  for  some  days,  when  a  few  of  the  decomposition  moulds 
will  be  found  on  it,  and  it  will  very  gradually  decay.  Inasmuch  then 
as  we  always  find  the  Peronospora  mycelium  in  potatoes  affected  by 
the  rot  even  before  the  spots  on  the  leaves  appear,  and,  on  the  other 
hand,  can  produce  the  disease  at  will  in  healthy  potatoes  by  sowing 
the  spores,  we  need  not  suppose  that  any  predisposing  morbid  change 
in  the  potato  itself  precedes  the  appearance  of  the  Peronospora. 

From  what  we  have  seen  about  the  cause  of  the  rot  and  the  knowl- 
edge which  we  possess  of  the  habits  of  the  Peronospora,  it  is  evident 
that  there  is  no  such  thing  as  a  specific^  against  it.  Whatever  com- 
pletely destroys  the  fungus  will  also  kill  the  potato  itself,  and  the  £u'mer 
who  purchases  *'  a  sure  cure  "  for  the  rot,  may  be  perfectly  certain  that 

*  By  a  specific  is  meant  any  thing  which  will  not  only  protect  tnben  in 
which  there  is,  as  yet,  none  of  the  Peronospora  mycelium,  but  which  will  also 
prevent  the  further  development  of  tlie  mycelium  in  tubers  in  which  it  already 
exists. 
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He  is  tbrowing  away  his  money,  as  &r  as  accomplishing  that  purpose,  at 
least,  is  concerned.  The  object  is  to  prevent  as  much  harm  as  possible 
from  being  done  to  the  plants  in  which  the  mycelium  already  exists,  and 
to  prevent  the  spread  of  the  disease  to  healthy  plants.  If  we  could  con- 
trol the  amount  of  moisture  in  the  air  about  the  time  when  the  disease 
is  likely  to  appear,  say  from  the  middle  of  July  until  the  first  of  Sep«> 
tember,  the  mycelium  would  not  increase  to  any  extent  to  cause  prac- 
tically any  harm.  That  we,  unfortunately,  cannot  do,  and  all  that 
remains  is  to  drain  the  land  thoroughly,  or  plant  in  a  dry  soil.  It  is 
difficult  to  understand  why  our  farmers  persist  in  planting  potatoes  in 
swamps  and  wet  heavy  soils,  knowing  as  they  do  from  experience  that 
such  plants  are  always  the  first  to  rot  Since  the  disease  does  not 
appear  until  about  the  first  of  August,  it  follows  that  the  early  pota-  ' 
toes  should  be  less  likely  to  rot  than  late  ones.  This  is  found  practi- 
cally to  be  the  case,  and  early  varieties  are  much  to  be  preferred  to  late 
ones.  Exactly  what  variety  a  fiirmer  ^ould  plant  is  not  a  question  to 
be  decided  by  a  botanist,  but  it  should,  at  any  rate,  be  a  vigorous 
grower,  and  ripen  as  early  as  possible,  the  size  and  marketable  quali- 
ties being  equal.  Certain  varieties  seem  to  resist  the  disease  better 
than  otliers,  but,  as  yet,  we  know  of  none  which  may  not  be  attacked, 
and  ^opinions  as  to  exactly  which  varieties  have  the  greatest  resisting 
power  are  so  contradictory  that  it  is  impossible  to  decide  the  matter. 
The  views  of  persons  having  potatoes  to  sell  for  planting  are,  natu- 
rally, not  always  unprejudiced,  and  many  farmers  have  theories  on  the 
matter  in  question  which  were  evolved  from  their  inward  conscious- 
ness quite  as  much  as  deduced  from  accurate  experiments.  The  Coun- 
cil of  the  Royal  Agricultural  Society  of  England  have  appointed  a 
Special  Committee  to  examine  into  the  subject  of  varieties  of  potatoes 
which  will  resist  the  rot  for  three  years  in  succession,  and  several  vari- 
eties are  being  tested  in  twenty  difierent  places  in  the  United  Eangdom. 
Two  years  more  must  elapse  before  the  results  are  fully  known,  and 
then  we  may,  perhaps,  expect  more  definite  in£>rmation  on  this  impor- 
tant subject  than  we  as  yet  possess. 

The  precautions  to  be  taken  to  prevent  the  extension  of  the  disease 
will  be  more  definitely  known  when  the  plant  in  which  the  oospores 
are  produced  has  been  discovered.  At  present,  we  cannot  say  with 
certainty  that  these  are  found  either  in  clover,  or  in  wheat,  oat,  or  rye 
straw,  and  our  knowledge  of  the  subject  is  still  too  slight  to  warrant  a 
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general  tirade  against  the  folly  of  planting  potatoes  afler  any  of  the 
above-mentioned  crops.*  There  is  as  yet  no  sufficient  reason  for  not 
following  them  by  potatoes  if  one  wishes  to,  other  than  that  the  stnb- 
ble  of  some  of  these  crops  may  make  the  land  more  moist  than 
that  of  others.  Potatoes  grown  upon  a  soil  where  grass  or  clover 
have  previously  been  ploughed  in  may  suffer  from  rot,  simply  because 
the  sods  keep  the  land  moist.  It  is  quite  probable  that  the  oospores 
of  Peronospora  infestans  will  be  found  concealed  in  some  common 
plant  eaten  by  cattle,  and  as  it  is  well  known  that  the  spores,  particularly 
the  o5spores,  of  many  fungi,  are  so  tough  that  they  pass  through  the 
alimentary  canal  of  animals  without  losing  the  power  of  germination, 
it  is  evident  that  the  chances  of  avoiding  the  rot  are  greater  if  one 
makes  use  of  some  of  the  mineral  manures  in  place  of  animal  man- 
ure. The  £su;t  that  certain  crops  are  manured  with  animal  manure, 
while  others  are  not,  may  be  sufficient  to  account  for  the  prevalence 
of  the  rot  when  potatoes  follqw  such  crops. 

It  is,  of  course,  of  the  first  importance  to  avoid  planting  tubers  which 
are  already  rotten,  but  that  no  sensible  farmer  would  think  of  doing. 
How  to  recognize  small  amounts  of  mycelium  in  nearly  sound  pota- 
toes does  not  admit  of  any  practical  solution.  The  botanist  who  has 
studied  the  subject  can  do  it  by  microscopic  examination,  bu^  the 
farmer  has  neither  a  microscope  nor  sufficient  knowledge  of  micro- 
scopic manipulation,  and,  practically,  it  would  not  pay  to  send  cer- 
tain tubers,  as  samples  of  a  large  quantity,  to  a  botanist,  to  decide  on 
the  probable  amount  of  mycelium  in  the  whole.  Judging  from  the 
results  obtained  in  England,  it  makes  no  difference  whether  the  tubers 
are  planted  whole  or  sliced,  as  'far  as  liability  to  the  disease  is  con- 
cerned.   Theoretically,  it  would  appear  to  be  an  advantage  to  plant 

*  During  the  last  few  months,  notices  have  appeared  in  the  Agricultural 
Reports  published  at  Washington,  and  in  several  agricultural  Journals  in  dif- 
ferent parts  of  the  country,  to  the  effect  that,  in  consequence  of  the  discoveries 
of  Professor  De  Bary,  it  is  now  known  that  the  potato-rot  is  propagated  by 
means  of  the  oospores  of  Peronospora  infestans  which  hibernate  in  clover  and 
other  fodder-plants;  and  farmers  are  warned  against  planting  potatoes  afVer 
these  crops.  In  justice  to  Professor  De  Bary,  the  public  should  be  informed 
that  he  has  never  said  any  thing  which  could,  in  the  least,  warrant  the  state- 
ments above  mentioned.  Without  saying  any  thing  more  about  the  question 
whether  the  rot  is  really  more  common  after  any  particular  crop,  or  not,  it  is 
unfair  to  represent  Professor  De  Pary  as  authority  for  the  sweeping  state- 
ments of  some  of  our  agricultural  journals. 
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deep  that  the  tabers  may  have  less  chance  for  being  infected  from 
spores  which  have  fallen  on  the  surfiice.  Practically,  this  does  not 
work  well,  but  potatoes  planted  near  the  sor^e  do  best.  However, 
the  plan  tried  by  some  cultivators  in  England,  with  apparently  good 
result,  of  hoeing  the  earth  up  over  a  good  part  of  the  tops  as  soon  as 
the  rot  appears,  is  worthy  a  trial.  Cutting  the  tops  on  the  appearance 
of  the  disease  apparently  does  no  good ;  and,  if  it  appears  in  a  violent 
form,  there  is  nothing  to  be  done  but  to  dig  the  remaining  sound 
tubers  which,  if  the  variety  planted  was  an  early  one,  are  large  enough 
to  be  of  use  at  the  time  when  the  disease  is  likely  to  make  its  appear- 
ance. 

Although  the  present  article  is  written  with  especial  reference  to  the 
potato  rot,  a  word  on  the  lettuce  mould  may  not  be  out  of  place.  This 
disease  does  considerable  harm  in  the  region  about  Boston  where  large 
quantities  of  early  lettuce  are  raised  for  the  market.  Although  said  by 
the  farmers  of  Watertown  to  have  troubled  them  for  four  or  five  years, 
the  fungus  was  first  brought  to  my  notice  last  August,  growing  on  a 
plant  of  Lactuca  altissima,  cultivated  in  the  Botanic  Garden  at  Cam- 
bridge. A  few  weeks  later,  I  received  some  diseased  lettuce  leaves  from 
Mr.  Locke,  of  Watertown,  who  wrote  that  the  fungus  caused  him  a  great 
deal  of  trouble,  particularly  on  the  plants  cultivated  in  hot-beds  in  the 
spring.  The  present  month,  April,  I  received  more  of  the  leaves  from 
the  same  gentleman,  with  the  statement  that  the  disease  was  worse  than 
ever.  The  appearance  of  the  mycelium,  as  it  breaks  through  the 
breathing-pores  and  bears  asexual  spores,  has  been  shown  in  Fig.  3,  p. 
328.  The  disease,  of  course,  is  most  marked  on  hot-bed  plants,  since 
a  constantly  moist  and  warm  temperature  is  kept  up,  and  the  pecuniary 
loss  to  the  gardener  is  greatest  as  the  early  lettuce  brings  a  higher 
price  than  that  whidi  grows  later  in  the  season  in  the  open  air,  and 
which  is  less  likely  to  be  affected  by  the  mould.  The  belief  of  some 
farmers  that  the  disease  is  caused  by  watering  with  well-water,  is,  of 
course,  entirely  without  foundation.  The  disease  may  be  diminished 
by  not  watering  the  hot-beds  too  much,  and  by  opening  the  frames  fre- 
quently to  admit  the  outside  air.  It  is  a  good  plan,  once  in  a  while,  say 
once  a  fortnight  if  the  weather  permits,  to  keep  the  frame  open  towards 
night,  so  that  the  plants  may  be  exposed  to  a  temperature  near  the 
freezing  point  Freezing,  of  course,  injures  or  kills  the  plant,  but  a 
temperature  as  near  freezing  as  possible  without  serious  injury  to  the 
VOL.  I.  43 
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will  pnt  bock  the  fangus  so  for  that  it  does  not  recover  for  some 
If  tbe  disease  has  prevailed  one  season,  the  hot-^eds  of  the  oeit 
should  be  mode  in  some  other  locality,  and  if  postJble  ontj  seed 
)UDd  plants  should  be  sown.  A*  bo<mi  as  tbe  leaves  mould  ttiej 
be  rsmoTsd,  and  care  should  be  taken  uot  to  throw  them  where 
ill  be  likelj  to  get  into  heaps  of  ouuinre  which  are  to  be  used 
xt  season.  Tbe  common  weed  known  as  groundsel  (Senedo 
s)  should  be  removed  with  great  care.  It  is  found  in  hol-bedi  - 
1  cultivated  fields,  and  does  more  to  spread  the  lettuce  mould 
le  decayed  lettuce  leaves  themselves,  since  in  the  groundsel,  the 
»  of  PeronoGpora  gangliformia  are  moie  abundant  than  in  icy 
>laut. 
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No.  16.  —  A  Report  on  some  Analt/aes  of  Salt-marsh  Say  and 
of  Bog  Say.  By  P.  H.  Stobeb,  Professor  of  Agricultural 
Chemistry. 

Eybb  since  the  settlement  of  New  England,  hay  prepared  firom  the 
natural  grasses  of  the  salt  marshes  on  the  seaboard  and  of  the  fresh- 
water marshes  or  so-called  meadows,*  which  abound  in  the  interior, 
has  held  a  conspicuous  place  among  the  agricultural  products  of  the 
country.  Though  far  less  important  at  the  present  time  than  it  was 
formerly,  the  use  of  such  hay  is  still  common.  It  has  had  an  unmis- 
takable influence  upon  the  farming  practices  that  prevail  among  us ; 
and  the  discovery  of  any  new  facts  that  concern  it  will  be  interesting, 
not  merely  from  the  novelty  of  these  facts,  but  from  their  bearing  upon 
the  history  and  the  development  of  agriculture  in  this  region. 

The  opinions  of  our  farmers  as  to  the  worth  of  these  ^  salt "  and 
"  fresh "  hays,  as  compared  with  that  of  "  English  "  f  or  upland  hay, 
upon  the  one  hand,  and  that  of  straw  on  the  other,  have  varied  widely 
at  different  times  and  in  different  places,  as  will  be  shown  directly. 
The  merit  of  salt  hay  has  often  been  extolled,  and  the  general  worth- 
lessness  of  bog  hay  has  been  insisted  upon  even  more  frequently.  Of 
late  years  both  sorts  seem  to  be  less  generally  esteemed  than  they  were 
formerly,  and  there  is  manifestly  a  strong  tendency  on  the  part  of 
agricultural  writers  to  condemn  the  hay  both  of  salt  and  of  fresh 
marshes  as  a  product  that  has  usually  very  little  real  value  as  forage. 
But  it  is  none  the  less  true  that  such  hay  continues  to  be  used  for 
foddering  animals  over  a  wide  extent  of  country,  that  the  use  of  these 
natural  hays  is  still  a  conspicuous  and  an  interesting  feature  of  Amer- 

*  The  word  "  meadow/'  oommonly  applied  in  New  Bngland  to  low,  boggy 
land,  overgrown  with  sedges  and  other  forms  of  coarse  natural  herbage,  is  an 
English  provincialism,  apparently  peculiar  to  that  part  of  the  country  whence 
many  of  the  colonists  came.  The  prevalence  of  the  term  in  Massachusetts  is 
manifestly  due  to  the  same  causes  that  determined  the  names  of  several  of  our 
oldest  counties  and  towns.  See  Marshall,  W.,  "  The  Rural  Economy  of  Nor- 
folk," London,  1795, 1.  pp.  812-818,  and  2.  888. 

t  That  is  to  say,  the  hay  from  fields  that  have  been  regularly  cultivated,  and 
seeded  down  according  to  American  custom  with  timothy,  or  timothy  and 
red-top,  or  with  a  mixture  of  these  grasses  and  clover. 
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lean  agriculture,  and  that  there  is  little  likelihood  of  a  custom  so  firmly 
rooted  and  so  widely  spread  being  sooo  discarded. 

In  the  hope  of  adding  something  to  our  knowledge  of  the  subject, 
I  have  had  several  samples  of  salt- and  of  fresh- hay  subjected  to 
analysis,  according  to  the  method  commonly  employed  by  agricultural 
chemists,  as  explained  on  page  26.  The  results  of  this  work  will 
appear  from  the  following  record.  All  the  analyses  were  made  in 
the  winter  of  1874-75,  with  the  exception  of  that  of  white-weed  hay, 
and  one  or  two  determinations  of  moisture  and  ash  in  the  fresh  grasses. 
The  estimations  of  water  were  made  at  110^,  unless  otherwise  ex- 
pressly stated. 

A.    Hats  from  Salt  Marshes. 

1.  Salt  hay  obtained  in  1872  (crop  of  that  year)  from  J.  R.  Brewer, 
Esq.,  of  Hingham,  Mass.  The  sample  taken  for  analysis  consisted 
of  a  mixture  of  spike-grass  {Brizopyrum  spicatum),  rush  salt-grass 
(Spartina  juncea)^  and  some  sea  spear-grass  ( Glyceria  maritima  *). 
As  originally  received,  the  sample  of  hay  contained  some  stalks  of  the 
coarse  "  salt-marsh  grass  "  (Spartina  strictd),  and  of  "  black  grass " 
{Juncus  buibosus) ;  but  most  of  them  were  picked  out  and  thrown  away 
in  preparing  the  hay  for  analysis.  All  the  samples  of  salt  hay  obtained 
at  Hingham  grew  upon  a  rather  narrow  strip  of  marsh  lying  between 
the  upland  and  a  tidal  creek  of  brackish  water.  The  hay  had  been 
kept  in  a  dry  lofl  at  the  Bussey  Institution  since  1872. 

2.  Salt  hay  obtained  in  1874  (crop  of  that  year)  from  J.  R.  Brewer, 
Esq.,  Hingham,  Mass.  The  sample  analyzed  contained  much  spike- 
grass,  some  black  grass,  and  a  few  stalks  of  upland  grasses  (^CaldrnO' 
groslis  ?  or  Agrostis).    No  sea  spear-grass  was  noticed. 

3.  Another  sample  obtained  in  1874  from  J.  R.  Brewer,  Esq.,  of 
Hingham.  The  portion  analyzed  was  mainly  spike-grass  mixed  with 
sea  spear-grass,  besides  some  stalks  of  upland  grass  {Pod)  and  a  little 
black  grass.    There  was  less  black  grass  in  this  sample  than  in  No.  2. 

*  Gasparin  (in  his  "  Cours  d'Agriculture,  Som  dit./'  vol.  4.)  reports  that  the 
hay  of  this  excellent  grass  contains  1.88%  of  nitrogen,  i.e.,  11.78%  of  albumi- 
noids. He  reports  also  that  the  grass  loses  58%  of  its  weight  when  made  into 
hay.  Sinclair  (quoted  in  H.  Davy's  "Elements  of  Agricultural  Chemistry," 
Appendix)  found  that  100  lbs.  of  this  grass  ("  Poa  maritima  ")  cut  at  the  time  of 
flowering  gave  40  lbs.  of  hay. 
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4.  Salt  hay  from  Mr.  B.  Dexter'a  marsh,  near  Weweantitt  River, 
Marion,  Mass.,  crop  of  1874.  The  sample  was  mainlj  rush  salt 
grass,  with  here  and  there  a  stalk  of  spike-grass.  There  was  some 
black  grass  also,  which  was  repaoved  as  completely  as  possible  before 
the  analysis. 

5.  Salt  hay  obtained  from  Joseph  Church,  Esq.,  Rochester,  Mass., 
crop  of  1874.  The  grass  grew  on  Angelico  Point,  Mattapoisett, 
Mass.  The  hay  was  a  particularly  clean,  bright  sample,  consisting 
almost  entirely  of  rush  salt  grass  {Spartina  junced). 

The  following  table  shows  the  results  obtained  on  analyzing  the 
foregoing  ^yq  samples  of  hays  from  the 

Short  SaU-grtuses:  L  H.  HL  IV.  V.    ?^SJ}J^ 

Water 7.98  8.91  7.84  8.70  8.61  6.40 

Ash  (free  (h>mG  and  COa)  6.29  7.79  7.10  TAX  5.97  6.93 

Albomlnoida 7.09  7.53  7.79  4.88*  4.38*  6.33 

Carbohydrates  (Including 

fat)  by  difTerence  .    .    .  47.29  42.87  43.43  60.20  43.13  45.38 

CeUuIoee  (free  from  ash) .  31.40  82.90  33.84  28.71t  37.91  32  96 

100.00       100.00       100.00       100.00       100.00        100.00 

Dry  organic  matter  '.    .  85.78  83.30  85  00  83.79  85i^        84  67 
Fat,  &c.  (I.  e ,  ether  ex- 
tract)     2.90  8.14  2.77  1.68  1.83          2.46 

)  a.  1.12  1.21  1.25  0.75  0.68) 

'^^^^^^^ 1  6.1.15  1.20  1.25  0.81  0.71 1        ®^ 

Crude  ash 6.29        {J;^  7.16  7.61  6.97  7.11 

6.  Coarse  salt  hay  obtained  in  1872  (crop  of  that  year)  from  J.  R. 
Brewer,  Esq.,  Ilingham,  Mass.  The  sample  consisted  entirely  of  salt- 
marsh  grass  (Spartina  stricta,  variety  altemiflord),  commonly  called 
"  sedge,"  in  this  vicinity.  There  were  neither  seeds  nor  flowers  upon 
this  sample  of  hay. 

7.  Similar  to  No.  6,  and  from  the  same  locality,  but  obtained  in 
1874,  from  crop  of  that  year. 

8.  A  very  good  sample  of  Spartina  stricta  from  Marion,  Mass.,  near 
mouth  of  Weweantitt  River,  crop  of  1874.  A  considerable  amount 
of  sand  could  be  seen  adhering  to  this  sample. 

The  results  obtained  on  analyzing  these  coarse  salt  hays  will  be 
seen  in  the  following  table. 

*  The  exceptional  character  of  Nos.  4  and  6  may  be  seen  on  the  general 
table,  page  852. 

t  Mean  of  two  determinations,  viz.,  28.92%  and  28.50%. 
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Q«™  S<Mai„!  VI.TII.Vm.         ^^Si^ 

Water ll.TO  1T.4T  IS  61  I&93 


CvbobrdntallncladlDctttt)             taXA  StM  atM 

feUolota  (ftee  Ihiai  ub)  .    .              SO.H*  30.01  ETM 

100.00  100.00  100.00 

r7  Difulc  nntm .    .    .    .              TtM  TI.*T  ttM 

It,  Ac.  letbet  aUiut)    .    .               iW  US  US 

"'^ "»  Um  sjji 


Black  grass  (Juneut  halhonu,  Tarietj  Gerardi,  or  Bothnicui)  from 
Brewer,  Esq.,  Hingham.  The  Bpecinnen  analyzed  was  obidoed 
king  out  spears  of  black  grius  from  the  original  sample  of  salt 
om  which  sample  Ko.  2  (see  above,  page  340)  had  been  taken. 
only  those  portions  of  the  black  gniaa  to  which  seed-Tessek 
attached  were  easily  recoguizable,  and  elace  many  of  the  stalks 
broken,  the  sample  analyzed  consisted  for  the  most  part  of  the 
portions  of  stalks,  together  with  very  many  seed-vessels,  though 
ds  W9P6  contamed  in  them. 

Black  grass  from  Marion,  Mass.,  near  moutb  of  Weweautitt 
crop  of  1S74.  An  excellent  sample,  "not  wet  in  curing." 
were  many  seeds  upon   the  stalks  in    the  sample  taken  for 


BlaO:  Onw  Bat' 

IX. 

'"ater 

7.17 

10.25               8.71 

sh  (tree  from  C  tyid  COJ   . 

4.»0 

6.48               5.19 

7.89 

6.18               6.79 

U-hohydiates  (tnci  Hiding  fat) 

44.84 

47.66             46.15 

ellulose  (free  from  ash)    .    . 

S5.M 

80.43             83.16 

100.00 

100.00           100.00 

ry  organic  matter   .... 

87.03 

84.27             86.10 

at,  &c.  (ether  extract)     .    . 

2.00 

2.51               2.30 

itrogen 

1.18 

{ S:S}      >« 

rude  ash 

4.00t 

5.65— 5.87t        5.47 

enn  of  two  delenniiiaCiiHii,  vix.,  SO.H^  and  80.98%. 
irengel  (Erdmann's"  Journal  lech,  undfflk.  Cheraie,"  1829,  5.  pp.  81,  296, 
SI,  10(48)  found  much  more  ash  (B.l%of  the  dried  hay)  in  asunpleof 
rietjr  of  black  grass  from  tlie  Bea-shore,  "J.  Bolkaicat,"  which  ii  lh» 
HjnimOD  form  in  this  country,  than  in  J.  bi^omu,  from  an  appatenlly 
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11.  Seeda  of  black  grass  from  Marion,  Mass.  A  considerable  quan- 
tity of  the  seeds  of  black  grass  were  collected  earlj  in  March,  1875, 
from  the  bottom  of  the  mow  from  which  the  sample  of  hay  No.  10 
had .  previously  been  taken.  The  sample  was  carefully  freed  fVom 
admixed  sand  and  from  the  seeds  of  other  plants  by  repeatedly  sifting 
and  blowing  upon  it,  so  that  a  good  sample  was  obtained  for  the  analy- 
sis, which  resulted  as  follows :  — 

ATuUpait  qf  Block  Or€U$  Se«d». 

Water  (in  the  powdered  seeds) 7.98 

Ash  (free  from  C  and  COj) 2.65 

Albuminoids 15.89 

Carbohydrates  (including  fat) 50.56 

Cellulose  (free  from  ash) 22.92 

100.00 

Dry  organic  matter 89.37 

Fat* , 8.33 

Nitrogen 2.52—2.56 

Crude  ash 2.65 

It  will  be  observed  that  the  results  of  the  foregoing  analyses  of  salt- 
marsh  hays  fall  naturally  into  two  or  three  distinct  groups  or  classes. 
Black-grass  hay,  and  the  hay  from  the  mixture  of  grasses  that  grow 
upon  brackish  marshes,  are  manifestly  of  decidedly  better  character 
than  the  hay  of  the  rush  salt  grass  {Spartina  juncea),  or  ^^  red  salt 
grass,"  as  it  is  sometimes  called.  The  tall,  coarse  salt-marsh  grass 
(^Spartina  stricta)^  or  so-called  "  sedge,"  on  the  other  hand,  exhibits  cer- 
tain peculianties  of  its  own,  among  which  the  comparatively  high  pro- 
portion of  water  and  of  ash  contained  in  it  are  conspicuous. 

It  is  hardly  to  be  presumed  that  either  of  tbe  samples  of  hay  from 
the  brackish  marsh  grasses  were  of  the  very  best  quality.  In  most 
instances  tlie  hay  had  probably  been  cured  too  late  in  the  season. 
Tliere  were  many  seeds,  it  is  true,  in  the  sample  of  bl^k-grass  hay, 

brackish,  inland  meadow,  which  gave  only  8.9%  of  the  dried  hay.  He  found 
also  in  one  sample  of  green  black  grass  62%  of  water,  and  in  another  60%.  Mr. 
John  Welles,  of  Dorchester  (**  Massachusetts  Agricultural  Repository,"  1826, 
8.  pp.  74,  76),  found  that  100  lbs.  of  black  grass  cut  July  18, 1828,  gave  88  lbs. 
of  hay. 

*  The  ethereal  extract  in  this  instance,  unlike  the  extracts  from  the  bays, 
which  were  largely  contaminated  with  the  coloring  matter  of  ohlorophyl,  was 
well-nigh  pure  fat,  of  faint,  greenish  color,  as  good  as  that  obtainable  from 
bran. 
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I.  10 ;  bat  the  hay  was  over-ripe,  nevertheless,  eince  many  of  its  seedi 
1  evidently  been  shed.  No  one  of  the  analyses  indicates  hay  of  so 
3d  quality  as  a  sample  of  salt-meadow  hay  from  the  German  Island 
«!  in  the  Baltic  Sea,  that  was  examined  by  G-  Lehnmnn,*  some  tea 
twelve  years  ago,  and  which  contained  — 

PPater 15.87 

^h  (free  from  sand) G.(9 

^Ibumiooida 11.87 

!}arbohydrateB  (including  3.2^  of  fat,  i.e.,  ether  extract)      .  38.4S 

Cellulose       27.52 

100.00 
[t  should  be  obseired  in  this  connection  that  my  purpose  was  to 
i  out  the  composition  of  hays  sach  as  are  actually  used  by  the  gen- 
Jity  of  farmers  in  New  England.     It  was  no  part  of  my  plan  to 
lect  at  this  time  the  best  possible  samples. 

B.  Fresb-iceadow  or  Boa  Hats. 
[.  A  sample  of  the  sedge  Carex  ttricta,  growing  in  tufts  or  bas- 
ks on  a  moist  meadow  upon  the  Bussey  Farm,  was  gathered  by 
id  June  11,  1873,  and  carefully  dried  in  a  loft,  where  it  was  placed 
nediately  after  cutting.  When  dry,  the  hay  was  packed  in  a  paper 
;,  and  kept  in  a  dry  place  until  analyzed,  in  December,  1874.  The 
ge  was  "  going  to  seed  "  when  cut,  and  a  large  number  of  ite  seeds 
Irom  the  stalks  during  the  process  of  drying.  (For  a  partial 
ilysis  of  these  seeds,  see  page  348.)  But  many  of  them  still  re- 
ined adhering  to  the  dry  stalks,  and  were  included  in  the  sample 
en  for  analysis. 

!.  Another  sample  of  Carex  ttricta,  gathered  by  hand  June  16, 
'3,  from  a  wet  meadow  a  mile  or  more  to  the  eastward  of  the  pre- 
ing  locality.  This  sample  was  collected  at  7}  a.m.,  while  drops  of 
r  were  still  clinging  to  a  few  of  its  leaves.     It  was  taken  immedi- 

>  "Die  landvirthachadlichen  VenDChi-Btationen,"  I8C4,  6,  488.  Abool  50% 
this  hay  wai  black  grass  cut  when  In  bloasom ;  tVom  30  to  40^  was  Af/realii 
!  that  had  passed  Ihe  time  of  Qowering ;  and  the  remaining  10  to  20%  ctm- 
;d  of  a  mixture  of  Ammophlln  bnlllca,  the  flawer-stalks  of  Armeria  vulgarii, 
plants  (bearing  ripe  fruit)  of  Glaux  maritima,  Trigloehin  nanVinxni,  and 
r^^  onwnna,  logetlier  with  fragmenis  of  other  kinds  of  grauea  and  hertis 
;  could  not  be  deteroiiued.  Lehmann  mentions  particalarly  that  manj  of 
compimcnts  of  tbis  mixture  of  dried  grasses  irere  "  young  and  tender." 
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atelj  to  the  laboratory,  and  the  *ainoant  of  moisture  contained  in  it 
was  determined  withoat  loss  of  time.  Dried  at  100^  C,  the  green 
grass  lost  65.97^  of  its  weight.*    This  grass  contained  1.35^  of  ash. 

3.  Bog  hay  (Carex  strtctaf)  from  Mr.  J.  Hathaway,  Rochester, 
Mass.,  mown  August,  1874.  No  seeds  nor  flowers  could  be  detected 
in  the  sample.     Many  of  the  stalks  or  leaves  were  dead,  or  nearly  so. 

4.  Bog  hay  ( Carex  stricta  f)  from  Mr.  Joseph  Church,  Rochester, 
Mass.,  crop  of  1874.  Some  of  the  stalks  or  leaves  in  the  original 
sample  were  dead ;  but  as  many  as  possible  of  these  dead  stalks  were 
thrown  out  from  the  portion  taken  for  analysis. 

5.  A  sample  of  dead  and  weather-beaten  sedge  (Carex  strtctaf) 
gathered  by  hand,  December  26,  1874,  in  a  meadow  upon  the  £irm  of 
Mr.  D.  Lewis,  Rochester,  Mass. 

The  result  of  these  analyses  will  appear  from  the  following  tables  :  — 

Bog  hayi  {gathered  bv  hand):  1.  *     IL  ^fsampte!. 

Water 7.46t  7.83  7.40 

Ash  (free  from  C  and  COj)  6.52  6.17  6.34 

Albuminoids 10.41  0.38  9.90 

Carbohydrates    (including 

fat) 42.01  4321  42.61 

Cellulose  (free  from  ash)  .  33.60  33.91  33.75 

100.00  100.00  100.00 

Dry  organic  matter  .    .     .           86.02               86  50  86.26 

Fat,  &c.  (ether  extract)      .             2.21                 2.13  2.17 

Nitrogen 1.66  —  1.67  1.49  —  1.51  1.58 

Crude  ash 6.58                 6.32  6.45 

♦  Mr.  John  Welles,  of  Dorchester,  reported  in  the  "  Massachusetts  Agricultu- 
ral Repository"  for  the  year  1828,  7,  811,  and  for  1826,  8,  pp.  74,  76,  that  he 
had  found  in  1822  that  100  lbs.  of  green  **  fresh-meadow  grass"  gare  88  lbs.  of 
hay,.and  in  1828  that  100  lbs.  of  fresh  meadow-grass,  cut  July  23,  gave  44  lbs. 
of  hay. 

In  one  of  the  upland  sedges  {Carex  mun'cata)^  gathered  when  in  blossom, 
Sprengel  (Erdmann's  **  Journal  tech.  undoek.  Chemie,"  1880, 9, 12)  found  60%  of 
water,  and  4.07%  of  ash  (=a  10. 17%  of  the  anhydrous  hay). 

Witting  ("Journal  praktische  Chemie,  1856,  69*  158)  found  in  fresh  plants 
of  Carex  remota  52.75%  of  water  (on  drying  at  lOO®)  and  2.07%  of  ash ;  in 
Carex  <icuta,  69.60%  of  water  and  1.12%  of  ash ;  and  in  Junctis  communis,  62.00% 
of  water  and  1.42%  of  ash.  Detailed  analyses  of  the  ashes  of  these  plants  have 
been  given  by  Witting  in  the  dted  memoir. 

t  An  estimation  of  moisture  made  June  24,  1878,  t.  e.,  ten  days  after  the 
sedge  was  gathered,  gave  7.96%  (dried  at  100^  C).  A  determination  of  crude 
ash  made  at  the  same  time  indicated  6.66%,  calculated  on  the  air-dried  hay. 

TOL.  I.  44 
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Bog  Jkv>  tfrO"  hanuj:  m.  IV,  ^Js^SS 

neater 7.98  8.38  8.17 

^h  (free  from  C  ttnd  CO,)  6.65  5.43  G.54 

Ubaminoids 6.31  7.44  6.88 

^rboh^dratea     (iDclading 

fat) 46.53  45.43  45.99 

Cellulose  (free  from  aab)   .  83.55  83  30  83.42 

100.00  100.00  100.00 

>i7  organic  roatter   .    .    .  86.39  80.19  86.29 

?at,  &c.  (ether  extract)     .  8.00  1.92  2.46 

Nitrogen 0.99  —  1.02  1,17  —  1.20  1.08 

;rudeash 5.86—5.88  5.54  —  5.57  -6.71 


Dndbofb^. 


Bunpla  of  bog 


Water 9.32  8.00 

Aflh  (free  from  C  and  COJ  4.42  8.54 

Albuminoids 4.63  8.37 

Carbobydratea     (including 

fat) 41.64  46.16 

CeUulose   (free  from  aab)  89.99  83.93 

100.00  100.00 

Dry  organic  matter  .     .     .  86,26  88.46 

Fat.  Sec.  (ether  extract)    .  0.74  3.32 

Nitrogen 0,78  —  0.75 

Crude  ash 4.42* 

The  clean  while  a«b  totally  (Vee  from  C  and  COi,  left  by  the  dead  liay,  wu 
narked  contrast  wtlh  the  gray  athei  ttom  the  other  gamples. 

See  Profeiaor  JoliDion'a  ilatenieiit  in  "  Sixth  Report  of  the  Sec.  Conoecticnt 
td  of  Agriculture,"  1872,  p.  422.    The  amount  of  viler  actually  found  it 

tampte  i<  not  given.  But  in  order  that  the  reiutta  of  the  analy^s  m*y  iM 
lily  compared  with  the  othen,  I  have  recalculated  Johnton'a  flgnrea  on  tb* 
imption  that  hii  hay  contuoeil  B%  of  water. 

t  la  noteworthy  that  the  proportion  of  mtNBtnre  contained  in  moat  of  llie 
a  and  plants  deacrilted  in  tliii  article  ii  decidedly  tmaller  tiian  the  amount* 
.  have  ordinarily  been  reported  by  European  aoalytta.  (See,  for  example, 
tables  in  Johnsan'i  "  How  Crop*  Orow,"  page  886.)  It  would  perhaps  be 
nature  lo  assert  that  this  diflercace  ii  due  solely  to  the  extreoM  dryoesi 
te  ur  in  New  England  during  winter,  for  it  may  be  tliat  the  plant*  analyied 
re  were  exceptionally  dry,  and  that  (aa  nemi  proiiable)  the  mechanical 
nre  of  tbe  bog  hay*  ia  not  favorable  for  the  retention  ol  moisture.  Then 
be  little  doubt,  howeTer,  in  view  of  the  drraeu  of  oar  clitnate,  that  hay  ii 
eneral  actually  drier  here  in  New  England  during  the  winter,  and  probably 
11  times,  than  it  is  in  Qermany  and  in  England.    I  hope  to  sindy  this  point 
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It  will  be  noticed  that  samples  Nos.  1  and  2  of  the  bog  hay  that 
were  collected  bj  hand  Id  the  month  of  June  were  of  distinctly  better 
quality  than  the  samples  Nos.  3  and  4,  taken  from  farm  barns,  which 
had  been  mown  later  in  the  season.  Nos.  3  and  4  were  of  course  much 
better  than  the  specimen  taken  in  the  month  of  December,  from  a 
tafl  in  the  field,  where  it  had  been  exposed  to  the  frost  and  storms  of 
aatumn.  The  sample  of  sedge  hay  analyzed  at  New  Haven  was 
probably  mown  earlier  than  the  samples  3  and  4  of  the  above  list  For 
the  comparison  of  all  these  samples,  see  the  general  table  beyond.  It 
is  to  be  noted  that  not  a  single  one  of  the  five  specimens  of  hay  from 
sedge  here  examined  was  obtained  under  the  best  posdble  condi- 
tions. Even  the  grass  from  which  the  best  hay  of  all  (No.  1)  was  pre- 
pared, was  over-ripe  when  cat,  as  has  been  already  stated  on  page  344 

It  is  to  be  remembered  that  most  sedges  blossom  very  early,*  even 
earlier  than  the  greater  part  of  the  true  grasses.  But,  in  order  to 
obtain  good  nutritious  hay  from  any  grass  or  grain,  the  crop  should  not 
be  mown  later  than  the  time  of  flowering.  Hence  the  common  prac- 
tice of  curing  sedge  hay  in  July  or  August  is  plainly  improper,  in  so 
far  as  concerns  the  chemistry  of  the  question.  It  is  obvious  that  a 
decided  improTement  in  the  character  of  bog  hay  might  be  brought 
about  by  the  exercise  of  a  little  discretion,  if  the  condition  of  the  low 
land  upon  which  the  sedges  grow,  and  the  press  of  other  farm  work, 
would  but  p^nnit  the  mower  to  cut  them  at  an  appropriate  season.  344. 

experimentally  at  some  future  time,  with  the  view  of  determining  how  large  a 
correction  should  be  applied  by  our  farmers,  on  account  of  this  difference  of 
moisture,  to  tables  of  the  fodder  value  of  forage  that  have  been  compiled  in  the 
interest  of  Europe^  farmers,  on  the  basis  of  the  14  or  16%  of  water  whicli  is 
there  found  in  hay.  It  may  perhaps  be  found  best,  eventually,  to  give  in  the 
tables  of  fodder  value,  only  the  composition  of  the  anhydrous  hays,  with  the 
understanding  that  in  respect  to  the  item  "  water"  a  special  correction  shall  be 
applied  for  each  particular  country  or  climate,  according  to  the  mean  monthly 
or  yearly  humidity  of  the  air  in  that  locality. 

Since  the  foregoing  paragraph  was  written,  an  estimation  of  the  amount  of 
moisture  contained  in  a  fair  sample  of  timothy  hay  has  been  made  in  the  Bussiey 
laboratory,  with  the  result  that  the  hay  lost  only  7.80  %  of  its  weight  on  being 
dried  at  l\(P  C.  This  sample  of  timothy  was  taken  from  a  bam  at  Rochester, 
Mass.,  in  March,  1875,  and  was  subsequently  exposed  during  a  couple  of  days 
before  weighing,  in  a  cold  loft  at  the  Bussey  Institution,  at  a  time  that  was  by 
no  means  particularly  dry. 

♦  The  sedges  are  **  perennial  herbs,  chiefly  flowering  in  April  or  May,  fre- 
quently growing  in  wet  places,  often  in  dense  tufts."  Gray's  "  Botany  of  the 
Northern  United  States/'  article  Carex, 
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A  partial  analysis  of  the  seeds  of  Corex  ttrida  that  fell  from  sam- 
Dle  No.  1  (page  344)  daring  the  process  of  drying,  gave  the  following 
i.     100  parts  of  the  air-dried  seeds  owtaiiied  — 

rater  (expelled  on  heating  to  110°  C.) 7.42 

itrogen 2.22—2.25 

Ibnminoide 13.97 

jiALTSEB  OF  Hat  from  tbe  Couuoir  Rush,  tbe  Fioweeino 
^EBV,  Buttercups,  White  Weed,  and  the  Beach  Pea. 

»>nnecdoD  with  the  foregoing  experiments  on  grasses  and  sedges, 
«e  have  been  made  of  hays  from  several  other  plants,  which  have 
UD  interest  and  VHlau  as  forage,  of  the  same  general  kind  as  that 
attaches  to  the  bog  and  marsh  hays,  properly  eo  colled. 
^  sample  of  bay  of  the  Common  or  Sofi  Rush  {Juncui  effiaut) 
Rochester,  Mass,  crop  of  1874,  probably  mown  in  August.  The 
a  wag  taken  from  a  bunch  of  carex,  wilh  which  it  had  beea  cot 
[lay  of  the  great  Flowering  Fern  {^Otmunda  regalit)  from  Sir. 
Clifton,  Marion,  Mass.,  crop  of  1874.  Grown  on  a  wet  meadow. 
)lant  ia  commonly  called  "  Mount  Royal "  in  that  part  of  tbe 
where  the  sample  was  obtained. 

ae  farmers  esteem  the  flowciiug  fern  as  a  plant  of  considerable 
for  foddering  purposes.  Compare,  for  example,  the  following 
:t  from  the  Report  of  Committee  on  Sheep  in  the  "  Transactioni 
Essex  County  A^cultural  Society  "  for  1860,  page  56 :  — 

'e  think  that  we  are  favorably  tdtuated  in  thb  connty  for  raising 
for  early  market.  Sheep  are  fond  of  salt  hay  and  the  coarse 
s  that  grow  upon  our  fresh  meadows,  particularly  the  Oimanda 
iilig,  or  buckhom.  By  giving  them  a  small  quantity  of  beans  or 
aily,  they  can  be  wintered  well ;  and,  if  the  lambs  are  sold  cariy,  they 
icruit  before  winter,  even  if  ttfey  are  required  to  feed  onr  pastures 

[Jay  of  Buttercups  {Hanuttetdut  acris),  from  planU  that  were 
red  by  hand  June  16,  1873,  upon  a  rather  shady  hillside  in 
ca  Plain.  The  soil  upon  which  the  plants  grew  was  poor  and 
The  plants  were  passing  out  of  flower  when  gathered,  but  no 
were  ready  to  drop ;  they  were  dried  in  a  loft,  and  kept  in  a 
bag  until  analysed  in  thewinter  of  1874-73.     An  is  well  known. 
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catUe  avoid  the  green  plant  because  of  its  acrid  juices ;  but  the  pun- 
gency is  lost  daring  the  process  of  drying,  when  the  plant  is  cut  for 
hay. 

9.  Hay  of  White  Weed,  or  Ox-eye  Daisy  (I^ettcanthemum  vul" 
gore).  The  plants  were  gathered  by  hand  June  30,  1872,  on  a  field 
adjoining  the  Plain-field  of  the  Bussey  Institution ;  they  were  in  fiill 
fiower,  and  the  bottoms  of  the  stalks  were  beginning  to  turn  stiff  and 
dry.  The  hay  would  doubtless  have  been  of  better  quality  if  the  plants 
had  been  gathered  earlier.  The  plants  were  dried  within  doors,  and 
the  analyses  made  in  the  month  of  July  following.  The  water  was 
estimated  at  that  time  at  110^.  A  subsequent'  determination  of 
the  amount  of  water,  made  at  100®  in  December,  gave  only  7.69%, 
instead  of  the  10.87%  that  had  been  found  in  July,  on  dryiog  at  a 
slightly  higher  temperature.  The  results  of  this  analysis  have  been 
reported  already  on  page  36. 

10.  Hay  of  Beach-pea  vines  {LcUhyrus  maritimus),  gathered  upon 
Nantasket  Beach,  Cohasset,  Mass.,  June  24,  1873.  The  vines  were 
dried  within  doors,  and  kept  in  a  paper  bag  in  a  dry  loft  until  analyzed, 
like  the  other  samples,  in  the  winter  of  1874-75. 

The  beach-pea  is  a  plant  of  considerable  scientific  interest,  because 
of  its  vigorous  growth,  often  in  the  merest  sand  or  shingle,  under 
conditions  which  would  seem  to  be  most  unfavorable  for  the  develop- 
ment of  such  succulent  and  nutritious  herbage.  The  results  of  the 
analyses  given  below  show  that  the  plant  is  really  as  rich  as  it 
appears  to  be  in  those  ingredients  that  compose  the  better  kinds  of 
forage.  The  beach-pea  has  very  long  and  vigorous  roots,  that  extend 
to  great  distances  in  the  loose  materials  upon  which  it  commonly 
grows.  Hence  the  food  of  the  plant  is  doubtless  collected  from  far 
and  wide.  It  would  be  of  interest  to  determine  by  e3q)eriment 
whether  this  plant  is  susceptible  of  cultivation,  or  of  being  made  to 
grow  thickly  upon  any  considerable  surface  of  sand,  by  the  application 
of  fertilizers.  According  to  Mr.  J.  L.  Russell,  as  cited  in  Colman^s 
''  Fourth  Report  on  the  Agriculture  of  Massachusetts,"  page  524,  the 
beach-pea  vines  are  eaten  by  horses.  There  are  many  localities  on 
the  seaboard  of  New  England  where  the  plant  would  seem  to  be 
worthy  of  more  attention  on  the  part  of  fiirmers  than  appears  to  have 
been  given  to  it  hitherto. 
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lay  of  Beach-pea  Tines  gathered  at  Bar  Harbor,  Mount  Desert, 
Tuly  16,  1873.  The  plants  were  growing  at  a  point  where 
igle  of  the  beach  joins  the  eartb  of  the  upland.  They 
»  be  better  situated  as  regards  their  supply  of  fixid  than  the 
'  Nos.  10  and  12.  This  sample  was  dried  in  the  open  air, 
"wards  kept  in  a  loft,  like  No.  10. 

!ay  of  Beach-pea  vines  from  a  low  Band  dune  on  north  shore 
imesett  Island,  Buzzard's  Bay,  Mass.,  gathered  28  Augusti 
Phis  sample  was  dried  in  the  open  air  and  afterward  slored, 
others.  A  tolerably  large  proportion  of  the  sample  consisted 
r  young  shoots,  but  there  were  niaoy  older  stalks  also, 
nmposition  of  these  seven  spedmene  will  appear  from  tbe 
page  351 ; — 

he  sake  of  ready  comparison,  the  average  composition  of  all 
above  described  (aa  determined  by  the  foregoing  analyses)  is 
the  general  table  on  page  S52. 

le  such  as  this,  based  solely  npon  analyses  of  the  hays,  though 
in  enabling  ug  to  contrast  the  composition  of  the  several  kinds 
t«d  with  that  of  the  ordinary  hays  and  straws,  previously 
1  by  chemists,  cannot  of  course  settle  the  question  as  to  the 
due  of  the  salt  and  freah  haj^  with  that  cert^nty  that  may 
id  by  a  combination  of  the  analytical  method  with  practical 
ents  in  foddering  animals.  By  feeding  several  animals  upon 
[  other  matters)  whose  composition  has  been  predsely  dete^ 
f  analysis,  and  estimating  from  day  to  day,  during  a  consider- 
trval  of  time,  the  amounts  of  each  ingredient  of  the  fodder 
discarded  undigested,  that  is  to  say  unused,  in  the  excrements 
nimals,  and  observing  how  much  the  animals  lose  or  gain  in 
in  while,  the  real  value  of  any  kind  of  fodder,  and  of  its  several 
nts,  may  be  determined  with  a  considerable  degree  of  accuracy. 
1  trials  necessarily  consume  a  great  deal  of  time  and  labor; 
1  they  shall  have  l>een  made,  the  most  trustworthy  opinions  as 
orth  of  salt  and  fresh  hay  that  can  be  formed  will  have  to  be 
K>n  the  evidence  now  accessible ;  namely,  that  fiimbhed  by 
on  the  one  hand,  and  by  the  records  of  fanning  experience 
e  other.     Before  proceeding  to  discuss   the  testimony  last 
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nsmed,  it  will  be  well  to  intei^late  a  table  of  the  average  compoutloa 
of  hay  and  straw,  as  determined  by  European  chemists.* 
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bis  geaentl  fkct  coiuiats  perfectly  with  the  actnal  farming  practice 
[ew  England.  Speaking  comparatively,  very  little  aLran  has  ever 
.  used  as  fodder  in  tliis  region,  while  salt  hay  and  bog  hay  hare 
ys  been  used  lai^Iy,  not  to  say  universally,  as  regards  the  latter. 

plain,  therefore,  in  apite  of  what  haa  been  sometimes  over  hastily 
ixA,  that  bog  bay  is  eeteemed  by  onr  fanners  to  be  decidedly 
ir  fi^dder  than  straw.  A  lilca  remaHc'will  apply  to  salt  hay  also, 
^  from  the  necessarily  local  significance  of  the  latter,  it  can  never 
i  been  so  generally  put  in  contrast  with  straw. 
be  history  of  the  ose  of  salt  hay  in  New  England  ia  a  peculiar  one. 
laa  been  said  already,  such  hay  was  formerly  held  in  high  estima- 

but  it  has  latterly  fallen  into  comparative  disrepute.  As  recently 
830,  a  committee  of  the  Agricultural  Sodety  of  the  County  of 
iz,  which  is  said  to  cont«n  about  five-elevenths  of  all  the  salt  marsh 
iassachusetts,  reported  as  follows : — 

Salt  hay,  -when  well  cured,  is  a  very  valnable  feed  for  neat  cattle  and 
:s,  and  ma;  bo  fairly  considered  as  equivalent  in  valne  to  more  than 
lalf  of  the  same  amount  of  English  hay.  ...  A  mixture  of  this 
with  English  hay  is  conduciTe  to  the  health  of  tiie  animals  fed  upon 
id  is  proved  to  be  as  agreeable  as  it  is  nntritious  by  the  avidity  with 
h  they  seize  upon  it."  • 

:.  ColmaD4  in  reporting  upon  the  same  county,  speaks  as  follows: 
le  average  product  of  well-manned  salt  marshes  is  from  three- 
bers  of  a  ton  to  a  ton  and  a  quarter.  The  bay  is  valued  at  half  the 
:  of  Euglish  hay.  In  Salem  and  Boston  markets,  where  it  ia  pnr- 
;d  for  a  change  of  diet  or  to  be  mixed  with  English,  it  usually  brings 
Jiirds  of  the  price  of  English.  The  farmers  iu  the  interior  of  the 
ty,  even  at  a  distance  of  fifteen  miles  or  more  from  the  sea-shore, 
;lad  to  own  or  hire  a  piece  of  salt  marsh,  considering  a  portion  of 
fodder  of  great  service  to  the  health  of  their  stock.  A  shrewd 
er  in  Lynn  considers  salt  hay  aa  worth  five  dollars  a  ten,  merely  to 
id  upon  his  grass  land  for  manure.  His  judgment  is  to  be  relied 
.  It  is  stated  likewise  that  those  farmers  who  carry  it  into  the 
ior  in  a  green  state,  and  cure  it  in  their  fields,  find  this  process  almost 
I  to  a  top  dressing  of  manure.  Ttiia  comes  undoubtedly  from  the 
which  it  deposits.  The  qnantity  of  salt  hay  which  is  cut  enables 
armers  to  sell  much  of  their  English  hay,  without  injury  to  their 
a.' .  .  .  Considerable  quantities  of  fresh-meadow  or  swale  bay  are 

hut  it  is  composed  of  aquatic  plants  which  contain  little  nourish- 
"  Transactions  of  the  Essex  Agricultond  Society,"  1831,  p.  44. 
'First  Report  on  the  Agriculture  of  Massachusetts,"  by  Eearj  Coluuu, 
>D  18SS,  p.  19. 
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xnentf  and  is  of  comparatively  little  value.  The  manare  of  cattle  fed 
upon  it  or  littered  with  it  is  of  inferior  quality." 

A  few  years  later  a  different  story  begins  to  be  told.  Thus  Mr.  New- 
hall,  in  addressing  the  Essex  County  Society  in  1849,*  says:  *•  Our 
salt  marshes,  which  have  been  a  reliable  source  for  stock  fodder,  have 
within  a  few  years  been  thought  less  of  than  formerly.  The  cattle  fed 
upon  the  hay  grown  from  them  have  been  represented  by  a  gentleman 
who  stands  high  in  our  society  as  the  successors  of  Pharaoh's  lean 
kine." 

Upon  the  Connecticut  shore  the  same  opinion  prevails.  In  1869,  Mr. 
Albert  Day,  in  his  report  as  delegate  to  New  London  County,f  says: 
*^  There  are  thousands  of  acres  of  salt  marsh  all  along  the  southern 
shores  of  the  county,  yielding  a  poor  grass  that  serves  for  bedding,  and 
just  pays  for  cutting.'^  And  in  1873,  the  Rev.  Mr.  Clift,  in  his  lecture 
on  Marine  ^Ianures4  remarks:  **  From  the  first  settlement  of  the  coun- 
try, it  has  been  a  favorite  investment  with  the  farmers  living  back  six 
or  eight  miles  from  the  shore,  to  have  a  piece  of  salt  marsh,  even  if  they 
could  not  get  more  than  an  acre,  for  the  purpose  of  cutting  the  grass  and 
carrying  it  to  their  farms.  It  has  been  thought  until  quite  recently  to 
have  considerable  value  as  fodder,  but  they  are  losing  their  faith  in  it  as 
an  article  of  food  ;  their  confidence  in  it  as  manure,  however,  abides. 
It  is  found  that  where  a  salt-hay  stack  is  foddered  out,  it  leaves  its  mark. 
If  the  land  is  turned  up  and  planted  with  com,  they  get  very  excellent 
com.  The  hay  is  used  a  good  deal  for  bedding,  and  is  thrown  out  with 
the  rest  of  the  manure  into  the  compost  heap,  and  it  is  also  used  for  cover- 
ing plants  about  the  garden." 

One  reason  for  this  change  of  opinion  may  fairly  be  attributed  to 
the  improved  character  of  the  upland  hay  in  New  England  in  late 
years.  No  doubt  but  that  salt  hay  was  better  than  it  is  now,  as  com- 
pared with  upland  hay,  in  the  days  when  the  almost  universal  custom 
among  our  farmers  was  to  harvest  their  hay  comparatively  late  in  the 
season,  under  the  belief  that  there  would  be  great  loss  from  ^  shrink- 
age "  if  the  grass  were  mown  before  it  was  "  ripe."  There  can  be 
little  question  but  that  the  quality  of  the  upland  hay  harvested  in  New 
England  has  been,  on  the  whole,  greatly  improved  since  our  farmers 
have  learned  that  grass  should  be  cut  before  its  nutritive  matters  have 
been  converted  into  seeds,  and  the  stalks  left  mere  straw.  Wheti  put 
in  comparison  with  over-ripe  upland  hay,  the  better  kinds  of  salt  hay 
were  doubtless  really  excellent 

•  "  Transactions  Essex  Agricultural  Society,  1849,  pp.  7,  8. 

t  In  Report  of  the  Sec.  Connecticut  Board  of  Agriculture,  1869,  p.  894. 

I  Ibid,  1878,  pp.  208,  204. 
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here  are,  mamfestly,  several  other  reasons  wh;  salt  hitj  should  be 
highly  esteemed  nowadays  than  it  was  when  the  condilioQ  of  the 
try  was  difierent.  At  the  time  when  our  farmers  were  in  the 
I  of  wintering  as  manj  cattle  as  possible,  in  medium  or  low  oondi- 

for  the  sake  of  utilizing  the  summer  pasturage,  the  accumulation 
rge  quantitiea  of  bulky  fodder,  at  the  least  possible  cost,  was  an 
rtuit  [loint  in  good  husbandry.  So,  too,  the  tact  that  salt  hay  is 
Jy  relished  by  cattle,  when  given  to  them  either  as  a  condiment  or 
be  sake  of  a  change  of  die^  was  a  point  of  much  greater  significance 
arly  than  it  is  now,  when  a  great  variety  of  foddering  materials 

serve  these  purposes  can  be  bought  in  our  markets.  The  diffi- 
,  moreover,  of  harvesting  salt  hay  by  machinery,  would  tend  to 
>  its  cost,  as  compared  with  the  cost  of  upland  hay,  relatively 
3r,  in  proportion  to  its  worth,  than  was  the  case  when  all  kinds  of 
were  made  by  hand ;  though  it  would  seem,  at  first  sight,  as  if  all 
considerations  as  this  must  be  more  than  offset  by  the  fact  that 
alt  marshes  are  really  water-meadows,  whose  fertility  is  incessantly 
ired  by  the  sea.  They  stand  in  no  need  of  manuring  or  of  tillage, 
field  coQliDoally  their  crops  of  hay  and  of  peat,  at  the  mere  cost 
rvesting  and  of  ditching. 

IS  hardy  cattle  of  the  last  century  were  probably  rather  better 
,  to  deal  with  the  coarser  kinds  of  food  than  the  somewhat  im- 
»1  stock  of  the  present  day.  But  in  any  event  it  is  to  be  observed 
the  coarse  hays,  whether  salt  or  fresh,  were  not  ill  adapted  for 
lurposes  to  which  they  were  applied,  when  tbe  object  of  the  farmer 
limply  to  maintain  his  cattle,  withoat  seeking  to  obtain  fitim  them 
tppredable  amount  ^ther  of  milk,  or  of  flesh,  or  of  work. 

view  of  all  these  considerations,  it  would  seem  that  both  the 
m  in  which  salt-marsh  hay  was  formerly  held,  and  the  present 
TOT  with  which  it  is  regarded,  have  really  been  based,  in  the  m^n, 
ue  and  legitimate  grounds.  It  will  be  seen  that  the  analysis  of 
salt  grass,  which  constitutes  the  main  burden  of  sea-marshi's,  does 
ndicate  that  our  farmers  have  erred  very  much  in  renouncing  the 
pinion  of  its  worth.  It  has  been  shown,  already,  that  the  results 
le  analyses  are  in  accord  with  the  popular  conviction  that  black- 

hay,  and  in  general  the  hay  from  brackish  marshes,  is  better  fjd- 
han  the  hay  of  the  rush  salt  grass  that  grows  upon  otarshes  which 
[lore  fully  exposed  to  the  sea.    So  &r,  indeed,  as  may  be  judged 
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• 
from  the  small  number  of  analyses  here  reported,  the  quality  of  the 

last-named  hay  seems  to  be  inferior  to  that  of  ordinary  bog  hay.  The 
remarks  of  Sprengel*  upon  the  nutritive  value  of  black  grass  show 
that,  in  respect  to  that  particular  grass,  European  experience  agrees 
with  that  of  this  country.  The  sea  spear-grass  is  classed  among 
meadow  grasses  of  the  first  quality  by  European  writers.  The  analy- 
sis of  Lehmann,  cited  on  page  344,  seems  to  show  that,  under  favorable 
circumstances,  the  value  of  the  hay  from  brackish  marshes  may  be 
fully  equal  to  that  of  an  equal  weight  of  the  best  upland  hay. 

It  will  be  noticed  that  several  of  the  analyses,  particularly  those  of 
the  bog  hays,  enforce  the  lesson,  well  known  before,  that  even  the 
coarsest  kinds  of  fodder  may  be  injured  very  appreciably  by  bad  treat- 
menty  in  respect  to  the  time  of  mowing. 

I  have  found  it  difficult  to  base  any  just  estimate  of  the  foddering 
value  of  bog  hay  upon  the  recorded  experience  of  our  farmers,  although 
a  good  deal  of  that  kind  of  evidence  has  been  published.  As  early  as 
the  beginning  of  this  century,  th&  Trustees  of  the  Massachusetts  Soci- 
ety for  Promoting  Agriculture,  "  with  a  view  to  collect  the  most  accu- 
rate information  on  the  principal  branches  of  agriculture  as  now 
practised,"  propounded  certain  "  inquiries,"  among  which  were  the 
following :  — 

No.  XIX.  **  What  is  the  proportion  of  value  which  Fresh-Meadow 
hay  bears  to  Upland  hay,  each  being  of  a  medium  quality?  ''     And 

No.  VII.  **  What  is  the  •quantity  and  value  of  the  Straw  on  an  acre 
of  barley,  rye,  oats,  and  wheat,  respectively?  And  to  how  much  Upland 
hay  are  they  respectively  equivalent  for  Fodder?  " 

The  answers  to  these  questions,  that  were  gradually  returned  from 
different  parts  of  the  State,  varied  very  much,  as  will  be  seen  from  the 
following  citations :  — 

In  a  *'  Summary  of  [many]  Replies  hitherto  received  by  the  Society,'* 
that  was  publbhed  in  1807,t  ^^  ^^  stated  that,  **  In  general,  the  com- 
parative value  of  meadow  to  that  of  upland  hay  is  said  to  be  one-half  ; 
by  the  Western  Middlesex  Husbandmen,  the  former  is  thought  to  be 
one-third  part  as  good  as  the  latter;  and  Colonel  P.,  of  New  Gloucester, 
thinks  it  is  near  two-thirds,  especially  if  it  is  salted  when  first  stowed 
in  the  bam,  and  where  salt  hay  is  not  to  be  had." 

*  Erdmaim's  "  Journal  tech.  und  cek.  Chemie/'  1829, 5,  pp.  60,  295. 
t  Papers  published  by  the  Tnutees  of  the  Society,  1807,  pp.  10,  80. 
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le  years  later  the  qaestdon  was  agaia  answered,  as  follow^^  Froin 
Springfield;*  "The  proportion  of  valae  which  fresh-meadow  hay 
to  upland  hay,  each  being  of  a  medium  quality,  is  about  two- 

m  Newbury:t  "  Abont two-fiftiis." 

m  Vasaalborough:  t    "  Meadow  haj  b  worth  about  half  its  weij^t 

and  hay." 

m  Danvers:§    "  About  one-third." 

m  DunstOiblerll    "  Proportion  of  ralneas  one  to  three." 

1833,  Kir.  Prince,^  of  Roxbuiy,  complains  of  the  >*  too  general 

X  of  feeding  cows  in  the  winter  with  only  meadow  hay  which  ha« 

aurishment  than  good  straw,"  and  the  comphunt  has  ofteq  been 

ed  since  then.     The  unreasonableness  of  assertions  so  sweeping 

I  is  well  shown  by  the  following  remark  of  Dr.  Sturtevant,  of 

ngham,  made  in  the  course  of  a  recent  debate  on  Diury  Hus- 

be  fanns  in  Massachusetts  contain  a  great  variety  of  soil,  and  some 
9  jnetty  bad.  lu  one  location  in  eastern  Massachusetts,  I  kuaw 
am  which  would  support  nothing  like  the  number  of  stock  that  are 
n  it,  from  the  good  laud  of  that  farm.  The  only  way  we  can  cairy 
>rd,  and  make  it  profitable,  is  by  utilizing  the  poor  hay  and  poor 
>f  that  farm.  At  the  present  time  on  our  own  farm  we  are  keep- 
breeding  herd  of  about  thirty-two  cattle,  all  told.  We  hare  one 
ing  of  hay,  and  one  foddering  of  the  low-meadow  hay.  At  the 
t  time,  we  are  feeding  what  we  in  Massachusetts  call  meadow  hay 
is,  muck-land  hay),  mixed  with  a  qoart  and  a  half  or  two  quarts 
in  a  day  to  each  cow,  either  shorts  or  meal.  In  Massachusetts  we 
:  feed  all  good  grase,  because  we  haven't  it.  If  we  undertook  to 
we  should  have  to  cut  down  our  herds  about  two-thirds." 
the  present  time.  Febmarj,  1875,  bog  hay  or  "  swale  bay,"  as  it 
ctimes  called,  sells  in  the  Boston  market  at  $12  Iw  13  per  ton.  the 
if  the  best  upland  hay  being  922  fSl  23,  and  that  of  medium  upland 
19  fa)  20.     But  the  city  price  hardly  bears  upon  the  question  of  - 

value,  since  the  bog  hay  ia  not  used  here  as  food  to  any  exteut, 
imewhat  for  bedding  animals  and  largely  for  packing  crockery  and 
rare.  In  point  of  fact,  the  bog  hay  is  worth  de<^dedly  less  in  the 
1  market  than  straw,  which  is  esteemed  to  be  cheap  at  the  price 
icb  it  is  now  selling  ;  viz. ,  at  S17  (S  18  per  ton. 

he  "  Mas^acbuaetti  Agrfcultnral  Bepoiilory  and  Joomal,"  iei&,  3.  OS. 
.id.  1815,  3,  203. 

id, 

.id.  1818, 3.  34L 
id.  1816,  4. 18. 

>id.  1623.  T.  168. 

Jee  MassachuMtta  AgrlcultDral  Beporta,  1872,  p.  48, 
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From  Connecticut,*  Mr.  E.  EL  Brown,  of  Gilead,  reports  that  in  his 
Ticinity  '*  swamp  hay  sells  for  bedding  for  about  one-third  the  price  of 
upland."  Mr.  H.  Holmes,  of  Stafford  Springs,  quotes  the  local  price  of 
best  upland  hay  at  $25  per  tan,  and  that  of  coarse  meadow  hay  at  $10; 
and  Mr.  William  Ross,  of  Chaplin,  says  that  *^  good  upland  hay  is  worth 
more  than  double  the  price  of  bog  hay  for  the  feeding  of  all  kinds  of 
stock." 

As  has  been  said  already,  it  will  be  necessary,  in  order  to  a  just 
estimate  of  the  foddering  value  of  bog  hay,  to  contrast  it  with  the 
coarser  kinds  of  forage,  such  as  straw,  as  well  as  with  upland  hay. 
As  evidence  bearing  upon  this  side  of  the  question  may  be  cited  a 
number  of  answers  to  the  last  part  of  question  No.  7  of  the  Massa- 
chusetts Society ;  viz..  To  how  much  upland  hay  are  the  several  kinds 
of  straws  respectively  eqidvalent  for  fodder  ? 

From  Worcester  if  **  A  load  of  oat  or  barley  straw  is  esteemed 
eqxdvalent  to  a  load  of  common  meadow  hay." 

The  Middlesex  Society!  **  estimate  the  value  of  rye  and  barley  straw 
as  about  one-tenth  that  of  upland  hay.  Oat-straw  is  valued  at  three- 
sixteenths  parts  of  common  upland  hay." 

From  Brookfield:"!'  '*  Barley,  rye,  and  wheat  straw  are  equivalent  to 
one-fourth  of  their  weight  of  upland  hay,  and  oat-straw  to  one-third." 

From  Brooklyn:!  **  Three  hundred  of  barley  and  oat  straw  are  esti- 
mated equal  to  four  hundred  of  upland  hay  [sic].  Of  rye  and  wheat 
straw  four  hundred  weight  are  equivalent  to  one  hundred  of  upland 
bay." 

From  Newbury:  f  **  The  value  of  barley  straw  is  thought  equivalent 
to  half  its  weight  of  upland  hay.  The  straw  of  other  grain  b  of  small 
value,  except  for  litter." 

From  Marlborough:!  *'  Mr.  Packard  considers  rye  and  wheat  straw 
as  equally  valuable  as  fodder,  and  that  the  produce  of  an  acre  of  either 
of  them  is  worth  four  hundred  weight  of  upland  hay." 

From  West  Springfield:  J  **  Barley,  oat,  and  wheat  straw  are  eqxiiva- 
lent  to  one-sixth  or  one-eighth  their  quantity  of  upland  hay  for  fodder  ; 
rye  straw  from  one  eighth  to  one-twelfth." 

From  Shrewsbury:  t  **  Barley  and  oat  straw  may  be  equivalent  to 
one-half  the  quantity  of  upland  hay,  and  wheat  straw  to  one-third. 
Eye  straw  is  worth  but  little  for  fodder." 

From  Va8salborough:t  **  Straw,  except  oat,  is  seldom  used  for  fod- 
der.    Oat-straw  is  equal  to  half  its  weight  of  good  upland  hay." 

•  "  Report  of  Sec.  Connecticut  Board  of  Agriculture/'  1868,  pp.  119, 184, 156. 

t  Papers,  1807,  pp.  19,  20. 

I  Mass.  Repository  and  Journal,  1816,  3.  pp.  67, 117,  261. 
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From  Danvers:  *  **  The  straw  of  barley  and  oats  is  equiyalent  to  one- 
third  the  quantity  of  upland  hay."  < 

From  Dunstable:!  **  Rye-straw  is  little  esteemed  for  fodder.  Oat- 
straw  is  equiyalent  to  one-fourth  or  one-sixth  its  quantity  of  upland  hay 
for  fodder." 

These  loose  and  conflicting  surmises  are  interesting,  inasmuch  as  they 
serve  to  show  how  small  an  advance  towards  any  real  and  definite 
conclusion  as  to  the  fodder-worth  of  straw  l^ad  beeu  made  by  our 
formers  at  that  time.  Although  it  can  hardly  be  said  that  the  general 
tenor  of  the  statements  is  in  accord  either  with  the  results  of  analysis 
or  with  the  foddering  practices  of  the  country,  it  will  nevertheless  be 
nojticed  that  a  large  part  of  the  answers  do -agree  with  these  evidences 
in  ranking  bog  hay  decidedly  above  straw,  and  so  lend  to  them  a  cer- 
tain share  of  support. 

In  the  light  of  the  evidence  thus  fiur  presented,  there  can  indeed  be 
little  doubt  but  that  our  salt  and  fresh  hays  possess  considerable  value 
as  fodder.  They  constitute  one  important  resource  for  the  farmers  of 
New  England,  which  will  doubtless  be  availed  of  in  the  future  as  in 
the  past,  and  the  more  fully  in  proportion  as  their  real  significance  U 
more  clearly  understood.  Tliere  are  few  more  interesting  problems 
for  the  farmers  of  any  region  to  work  out  than  those  which  relate  to  the 
judicious  utilization  of  the  comparatively  speaking  innutritions  kinds 
of  food  that  are  produced  upon  the  form,  and  which  are  too  coarse  and 
bulky  to  be  merchantable.  Such  problems  have  lost  much  of  their 
former  difficulty  in  these  days  of  cheap  transportation,  when,  besides 
the  old, resource  of  root  crops,  grain,  bran-feed,  cotton-seed  meal,  and 
other  waste  products  may  be  bought  almost  everywhere ;  and  they  are 
of  course  specially  easy  when  the  rough  forage  is  in  itself  foirly  good, 
as  the  bog  and  salt  hays  appear  to  be  when  contrasted  with  the  straw 
that  is  so  large  a  component  of  many  of  the  fodder  mixtures  of 'Europe. 

It  would  seem  to  be  plain  that  there  are  many  places  in  New  Eng- 
land where  it  would  be  not  merely  a  good  practice,  but  really  excellent 
forming,  to  feed  out  upon  the  form  the  ha^  from  coarse,  natural  herbage, 
with  the  addition  of  small  quantities  of  some  of  the  concentrated  forms 
of  food,  and  to  send  off  the  form,  in  so  for  as  might  be  practicable,  the 
more  costly  upland  hay,  to  be  marketed  like  any  other  merchantable 

*  Mass.  Repository  and  Joomal,  1815,  3*  889. 
t  Ibid.,  1816^  4.  46. 
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product.  It  must  often  be  true,  all  things  considered,  that  for  homo 
use  the  rough,  low-grade  hajs  are  actually  better  '  "  '  -"  •■  ■ 
haj. 

I  am  fiir  from  seeking  to  deter  aaj  famei 
farmers)  from  embanking  his  salt  marahea  or  froi 
meadows  when  his  circumstances  and  the  condi 
fitTorable  for  improvements  such  as  these.  Then 
question  but  that  the  agricultural  product  of  Nei 
enormously  increased,  if  but  a  fraction  of  the  n 
country  which  is  susceptible  of  Improvement  wen 
consideration  of  the  importance  and  general 
improvements  should  not  be  permitted  to  conct 
natural  products  of  the  wet  lands  are  by  no  met 
Whatever  value  these  products  do  really  possess, 
should  be  clearly  recognized  and  allowed  for,  and 

My  thanks  are  due  to  my  assistant,  Mr.  D.  S. 
co-operation  in  this  research,  and  the  one  describe 
alao. 
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No.   17.  —  On    the    Fodder   Value    of   Apples.     By   F.  H. 
Stoeee,  Professor  of  Agriciiltunl  Chemistry. 

3B  preciie  signiScance  of  apples  as  ibod  for  animnJa  does  not 
ar  to  have  been  erer  very  clearlj  made  out.  Thongh  eaten 
lily  by  all  kinds  of  cattle,  this  fruit  is  seldom  given  to  them  puf 
[j,  or  in  a  methodical  way ;  and,  althoogh  it  often  happens  here 
few  England  that  horned  cattle  in  particular  have  access  to 
Ml  apples  in  their  pastures,  in  such  wise  that  they  actually  con- 
I  very  considerable  quantities  of  them,  there  are  comparatively 
ionners  who  would  deem  it  good  practice  to  feed  out  apples  to 
:  as  tbey  would  feed  pumpkins,  or  turnips  and  other  roots. 

is  evident  that  a  certain  prejudice  against  the  use  of  apples,  u 
i  food,  prevails  among  farmers  almost  everywhere.  Sometimes 
ibjection  is  raised  that  there  is  "no  nourishment  in  apples;"  at 
:  times  it  is  asserted  that  they  are  "  too  sour,"  and  that  they  will 

off  milch  cows."  We  sometimes  hear  that  they  are  apt  to  choke 
inimals,  and  at  others  that  the  trouble  of  collecting  them  would 
reater  than  their  worth.  Against  the  last  fonr  objections  it  might 
rged,  that  there  is  manifestly  no  need  of  feeding  out  apples  inju- 
usly,  and  that  we  have  daily  evidence  that  catde  can  eat  moderate 
titles  of  this  fruit,  even  the  soarest  kinds,  without  injury  to  their 
h  or  their  efficiency ;  that,  as  with  tomips,  the  risk  of  choking 
be  avoided  by  either  cutting,  crushing,  or  cooking  the  fruit  before 
g  it  to  the  animals ;  and  that,  in  the  case  of  windfalls,  at  least, 
rouble  of  collecting  the  apples  would  be  partly  offset  by  the  tact 
the  process  could  be  made  to  serve,  incidentally,  as  a  means  of 
oying  the  grubs  in  the  apples,  which  have  caused  them  to  fall, 
t  for  the  question.  How  much  nourishment  the  apples  really  con- 
'  that  can  only  be  answered  by  way  of  analysis,  and  by  carefid 
judicious  ez|)eriments  in  feeding  animals.  But,  as  will  appear 
V,  the  composition  of  apples  is  so  little  like  that  of  the  roots  and 
3  ordinarily  used  as  fodder  that  it  was  really  no  easy  matter  to 
onclusive  ezperiments  with  them  before  this  composition  had  been 
1  out.  In  the  absence  of  any  just  knowledge  of  the  constituents 
^ven  fodder,  it  is,  of  conrse,  diUicult  to  determine  what  kinds  of 
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food  should  be  given  in  connection  with  it,  in  order  that  its  compo- 
nents may  be  properly  utilized  by  the  animals.  It  is  not  surprising, 
therefore,  that  so  many  doubts  and  uncertainties  should  have  prevailed 
hitherto  with  regard  to  the  fodder  value  of  this  fruit 

It  is  true  that  a  number  of  analyses  of  apples,  and  of  other  kinds 
of  fruits,  made  several  years  since  by  Fresenius,*  have  been  cited  by 
Professor  Johnson,  in  lus  work  entitled  "How  Crops  Grow,"  New 
York,  1868,  pages  392,  393 ;  but  the  purpose  of  these  analyses,  the 
manner  in  which  they  were  made,  and  the  way  in  which  the  results 
are  stated,  were  all  so  unlike  the  purpose  and  methods  which  apply 
to  the  usual  analyses  of  foddering  materials,  that  it  was  not  easy  to 
contrast  t  Fresenius's  results  with  those  obtained  by  the  chemists  who 
have  made  analyses  of  hay,  grain,  roots,  and  the  like. 

With  the  view  of  obtaining  data  which  should  enable  any  one  to 
translate  the  results  of  Fresenius  into  the  usual  language  of  agricul- 
tural chemists,  I  have  had  made  the  following  analyses  of  the  flesh 
and  skin  of  apples,  and  of  the  residue,  known  as  pomace,  which  is  left 
in  the  cider-press  after  the  juice  of  the  apples  has  been  squeezed  out,  — 
all  according  to  the  method  now  in  common  use,  as  cited  on  page  26 
of  this  Bulletin. 

I.  Flesh  of  the  conmion  red  **  Baldwin "  apple  of  New  England. 
The  apples  taken  for  analysis  grew  upofo.  a  gravel  knoll  about  half  a 
mile  from  the  Bussey  Institution.  They  were  of  medium  size,  sound, 
and  fair,  had  been  carefully  stored,  and  were  in  excellent  condition 
when  subjected  to  analysis  in  the  middle  of  February,  1875.  Both  the 
skins  and  cores  of  the  fruit  were  rejected  in  preparing  the  sample  for 
analysis. 

II.  Flesh  of  the  common  Roxbury  russet.  The  fruit  grew  in 
Jamaica  Plain  in  the  immediate  vicinity  of  the  Bussey  Institution. 
The  apples  taken  for  analysis  were  large,  fair,  and  in  excellent  condi- 
tion. The  skins  and  cores  were  carefully  removed,  and  only  the  flesli 
proper  was  taken  for  the  analysis. 

III.  Parings  of  the  Baldwin  apples  described  in  No.  I.    The 

• 

•  "  Annalcn  der  Chemie  und  Pharmacie/'  1857, 101.  219. 

t  It  is  but  fair,  however,  to  say  that  the  comparison  has  been  made,  and  that 
very  Jostly,  by  Professor  Alexander  Miiller,  in  his  chart  entitled,  "  Die  che- 
miBche  Zusammensetzung  der  Nahrongsmittel  und  Fntterstoffe.*'  Dresden: 
1861. 
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apples  were  first  gently  pressed,  or  rather  kneaded,  with  the  finger,  in 
order  to  loosen  the  skin  from  the  flesh ;  they  were  then  pared  in  nar- 
row strips  with  a  sharp  knife,  and  whatever  of  the  flesh  still  remained 
adhering  to  the  skin  was  carefully  scraped  off,  so  that  a  tolerably  clean 
product  was  finally  obtained.  It  is  to  be  remarked  that  the  weight 
of  parings  thus  thoroughly  freed  from  flesh  is  very  small,  as  compared 
with  the  weight  of  the  entire  apple. 

IV.  Parings  of  the  russet  apples  described  in  No.  II.  In  order  to 
detach  the  closely  adhering  skins  of  the  russets  in  sufficient  quantity 
for  an  analysis,  it  was  found  to  be  necessary  to  heat  the  apples  for  a 
short  time  to  about  80^  C.  After  the  fruit  had  been  thus  heated,  it 
was  easy  to  peel  off  its  skin  in  a  perfectly  clean  condition.  But  since 
it  would  have  been  impossible  to  determine,  in  parings  thus  obtained, 
how  much,  moisture  is  contained  in  the  skin  of  the  russet,  a  special 
small  sample  was  procured  for  that  purpose  from  the  original  unhealed 
apples  by  simply  paring  the  cold  fruit  and  scraping  the  skin,  much  in 
the  same  way  that  the  Baldwin  parings  were  obtained,  as  described 
in  No.  nL 

Y.  Pomace  obtained  Oct  24,  1874,  in  a  fresh  condition,  from  Mr. 
S.  W.  Whittemore,  of  West  Roxbury.  The  apples  firom  which  this 
pomace  was  made  were  sound  Baldwins  mixed  with  a  few  sweets; 
they  were  mellow  and  were  powdered  in  a  grater  mill.  The  cheese 
was  squeezed  in  an  old  hand-press  that  was  not  very  efficient.  The 
yield  of  juice  was  between  Sf  and  4  gallons  to  the  bushel  of  fruit 
No  water  was  added  to  the  ground  apples  except  a  single  pailful  *^  to 
wash  the  mill." 

A  determination  of  moisture  was  immediately  made  in  the  fi-esh 
pomace,  while  another  large  quantity  of  it  was  dried  down  rapidly  with 
constant  stirring,  upon  the  water-bath,  in  order  to  prevent  fermenta- 
tion. The  hard,  dry  particles,  which  resulted  from  this  treatment,  were 
ground  to  a  fine  powder  in  a  drug-mill,  and  the  powder  was  thoroughly 
mixed,  so  that  an  excellent  average  sample  of  the  pomace  was  obtained 
for  the  analysis.  As  thus  dried  the  pomace  still  retained  9.78  ^^  of 
water  that  could  be  driven  off  at  110^  C.  The  results  stated  below 
have,  of  course,  been  calculated  back  from  those  actually  found,  in 
order  to  make  them  consist  with  the  77.21^  of  moisture  that  was 
found  in  the  fresh  pomace. 

The  results  of  the  analyses  are  as  follows :  — 


b 
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I.              n.  m.  IV.  V. 

Baldwin.  Rneset.  Baldwin.  BoMet,.  Pomaoe. 

Flesh.  Fleeh.  Skin.  Skin. 

Water  (at  11(P  C.) .    .    .       84.11  82  22  7160  09.93  77.21 

Ash  free  from  C&CO9)          0.23                 0.26  0  49  0U»  OJSO 

AlbomlnoidB 0.21                 027  1.00  1.06  0.96 

Carbohydrate*  (Including 

&t) 14U$4  16.30  21.68  23.44  17.41 

CelluloM  (free  from  ash).       0.91                0.95  6.37        .        6.02  8.90 


10000             100.00  100.00 

Dry  organic  matter     .    .      16.66               17JS8               27.05  29M              22.29 

Fat  (i.e.,  ether  extract)    .*     0.28«(?)          0JJ3*               2.27  1.71                 1.70 

Nitrogen 0.032-*0.036  0.043^0.04S0.168— 0.162  0.168  — 0.177  0.166— 0.160 

Crude  ash 0.26                 0.31                 060  0  68                    0  61t 

The  results  of  these  analyses  agree  closely  with  those  of  previons 
observers,  in  so  £eu*  as  the  latter  admit  of  being  compared  with  them. 
Thus,  in  respect  to  water,  Schulze  t  found  the  following  percentages 
in  as  many  different  Mnds  of  entire  apples  from  Rostock,  in  the  north 
of  Germany:  86.45,— 86.55,  — 85.66,  — 85.16,  —  86.62,-85.97,— 
84.84,  —  83.59,  —  82.59,  —  87.07,  —  80.32,  —  84.69,  —  78.90,  — 
84.30,  —  86.27,  —  88.72,  —  85.94,  —  84.18,  —  84.63,  —  85.52,  and 
84.30.  The  maximum  of  dry  substance  found  by  Schulze  in  any 
one  kind  of  apple  was  21.10%,  and  the  minimum  12.98.  Wolff  § 
found  83.58,  —  88.06,  —  82.76,  —  83.75,  —  85.97,  —  85.95,  —  86.27, 


« 


*  It  is  not  probable  tiuit  the  apparent  difference  between  the  amounts  of 
fat "  in  the  flesh  of  russet  and  Baldwin  apples,  as  stated  above,  is  based  upon 
anj  real  dissimilarity  in  the  amounts  of  this  constituent  in  the  two  varieties  of 
the  fruit.  The  discrepancy  in  the  table  is  doubtless  due  to  the  fact  that  different 
analytical  methods  were  employed  in  the  two  casee  for  the  estimation  of  the 
ether  extract  During  the  treatment  of  the  dried  apple  flesh  with  ether,  it  was 
noticed,  in  both  instances,  that  a  considerable  quantity  of  a  reddish  substance 
separated  from  the  extract  before  the  latter  was  evaporated.  This  precipitate 
was  so  little  soluble  in  cold  ether  that  it  was  at  first  thought  to  be  insoluble, 
and  was  purposely  removed  for  the  most  part  from  the  ether  extract  obtained 
from  the  flesh  of  Baldwin  apples.  But  since  it  appeared  afterwards  that  the 
substance  could  be  dissolved  by  the  long-continued  action  of  ether  at  the  ordi- 
nary temperature,  applied  in  successive  portions,  it  was  thought  best  to  weigh 
it  with  the  rest  of  the  ether  extract  in  the  analysis  of  the  russet  flesh. 

It  should  be  said,  in  general,  that  the  dried  ethereal  extracts,  obtained  both 
from  apple-flesh  and  from  apple-skin,  are  of  peculiar  appearance.  They  evidently 
contain  much  resin  and  wax,  as  well  as  fat.  They  are  friable,  for  the  most 
part,  and  they  do  not  melt  at  the  temperature  of  boiling  brine.  When  heated 
on  platinum  foil  they  bum  like  a  mixture  of  fkt  and  resin. 

t  Another  determination  gave  0.55%  of  crude  aah. 

I  *' Journal  fur  praktische  Chemie,"  1864,  63.  218. 

§  Cited  in  Henneberg  &  Kraut's  '<  Jahrwbwricht  f  ttr  1856, 1866/'  pp.  177,  ^78. 
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and  8^.60%  of  water  in  eight  different  kinds  of  apples  from  Wurtem- 
bergi  and  Fresenius  found  86.03,  —  82.03,  —  82.04,  —  85.04, — 
82.49,-82.13,  and  81.87%  of  water  in  five  different  kinds  of  apples, 
apparently  from  the  vicinity  of  Wiesbaden,  the  first  three  determina- 
tions in  his  list  having  been  made  upon  one  and  the  same  kind  of 
apple  grown  in  thr^e  different  years.  Whence  it  appears  that  the 
average  amount  of  water  in  whole  apples  —  flesh,  skin,  seeds,  and  core 
together  —  is  84.14%. 

In  respect  to  crude  ash,*  Richardson  found  0.27%  of  it  in  fresh 
apples;  Margold  found  0.46,  —  0.26,  and  0.38%;  and  Fresenius, 
0.28,  —  0.39,  and  0.47%, —  the  entire  fruit  having  been  burned  in 
each  instance.  In  air-dried  pomace  GaspHrin  t  reports  0.59%  of 
nitrogen,  and  in  that  which  has  been  ^  dried  completely  "  (perhaps  at 
100^?)  0.63%.  The  sample  of  pomace  analyzed  in  this  laboratory, 
Tvhen  dried  at  110'  C,  contained  0.70%  of  nitrogen. 

It  is  of  interest  to  note  the  fact  that  both  Wolffs  and  Fresenius 
find  that  much  the  larger  part  of  the  solid  substance  of  ripe  apples  is 
soluble  in  water.  Thus  in  the  eight  analyses  of  Wolffs  the  sum  total 
of  soluble  constituents  was  13.67,-14.49,-13.23, —  13.53,— 
12.06,-11.26,-11.27,  and  10.45%  of  the  weight  of  the  entire 
apple,  and  the  weight  of  the  insoluble  residue  was  2.75,  —  2.45, — 
4.01,  t — 2.67,  — 1.97,—  2.79,—  2.46,  and  2.95.  In  the  seven  analy- 
ses,  reported  by  Fresenius,  the  sum  of  the  soluble  constituents  was 
respectively  11.58,  — 14.70,  — 14.96,—  12.00,-15.07,-  13.34,  and 
15.95%,  while  the  amount  of  the  insoluble  components  was  2.39,—- 
3.27,  —  3.00,  —  2.96,  —  2.44,  —  4.53,  and  2.18. 

The  most  noteworthy  feature  in  the  composition  of  the  apple  is  the 
very  small  proportion  of  albuminoids  that  are  contained  in  it,  as  com- 
pared with  the  amount  of  carbohydrates.  This  fact  may  readily  be 
made  manifest  by  comparing  the  analyses  of  the  flesh  of  the  apple,  as 
above  given,  with  the  composition  of  the  various  roots  enumerated  in 
the  table  on  page  387  of  Johnson's  "  How  Crops  Grow."  Or  it  may 
be  illustrated  still  more  forcibly,  perhaps,  by  throwing  the  item  mois- 
ture (i.e.,  <*  water  "),  out  of  the  account,  and  contrasthig  the  percentage 

*  As  has  been  already  stated  on  page  208  of  this  Bulletin. 

t  In  his  "  Cours  d* Agriculture,"  8»«  edition,  1.  679. 

I  The  apples,  in  this  particular  instance,  were  not  fully  ripe. 
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composition  of  the  dry  matter  in  the  flesh  of  the  apple  with  the  dry 
matter  in  various  roots  (and  in  the  pumpkin),  as  has  been  done  in  the 


following  table :  —  * 


L 


Potato 

Jerusalem  Artichoke 
Sugar  Beet.  .  .  . 
Field  Beet  .... 
Carrot  ..... 
Huta  Baga  .... 
White  Turnip .  •  . 
Parsnip  .  .  •  • 
Pumpkin    .... 

Flesh  of  Applet  •  • 
Pomace 


§ 


.o 


8.54 

10.04 

6.52 

8.90 

8.17 

9.9-2 

9.40 

13t>7 

17.32 


1.48 
4.30 


If 

|5 


84.22 
79.72 
82.10 
75.78 
74.89 
73.86 
69.44 
7181 
66.02 


91.69 
76.89 


L 

N 


2.88 
4.70 
7.64 
8.07 

10.85 
9.49 

11.76 
8.54 

13.33 


4.41 
6.54 
4.84 
7.26 
7.09 
6.78 
9.40 
6.98 
13.38 


"^  S!  CC  C3 

2  251.2 


.5 


25.39 
19.12 
17.76 
13.86 
16.68 
11.69 

8.50 
11.70 

7.50 


6.64 
17.11 


1.46 
2.19 


16.84 
22.79 


The  practical  conclusion  to  be  drawn  from  these  comparisons  seems 
plain.  The  exceedingly  small  proportion  of  nitrogen  in  the  apple, 
indicates  very  clearly  the  necessity  of  using,  in  conjunction  with  this 
fruit,  some  kind  fif  fodder  that  is  exceptionally  rich  in  nitrogenous  • 
constituents ;  such,  for  example,  as  greaves,  or  flesh-meal,  or  flsh-scrap 
(that  has  been  carefully  cured),  peas,  beans,  oil-cake,  or  the  like.  I 
have  myself  witnessed,  many  years  since,  some  higKly  favorable  results, 
that  were  obtained  by  feeding  a  herd  of  fifteen  or  twenty  swine  with  a 
mash  made  of  the  sourest  native  cider  apples,  and  the  meal  of  mixed 
peas  and  oats.  In  this  instance,  the  apples  were  boiled  thoroughly  in 
large  kettles,  whence  they  were  shovelled  into  hogsheads,  where  a 
small  proportion  of  the  meal  was  sprinkled  upon  each  layer  of  the 
hot  mass,  and  leil  where  it  fell  for  awhile,  in  order  that  it  might  be 
cooked,  before  the  whole  was  stirred  to  a  homogeneous  mixture.  The 
oats  and  peas  had  been  grown  together,  and  threshed  and  ground 
as  if  the  harvest  had  been  oats  alone.    The  swine,  which  were  from  a 


*  Copied  ftom  Dietrich   and    Koenig's  "  Zusammensetzung  und  Verdau- 
lichkeit  der  Futteretoffe/'  Berlin,  1874,  p.  78. 

t  Mean  of  the  two  analyses  reported  on  page  865; 
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year  to  a  year  and  a  half  old,  had  been  nuuntained  upon  rather  short 
allowanoe  daring  the  summer  by  means  of  swill  from  a  tavern,  to- 
gether with  what  grain  and  straw  they  picked  up  in  the  manure  of 
the  tavern  stable  beneath  which  they  were  kept  The  locality  was 
among  the  foot-hills  of  the  White  Mountain  range  in  New  Hampshire, 
where  the  summer  is  tolerably  short,  and  where  nuuze,  though  grown 
abundantly,  costs  the  farmer  rather  more  in  terms  of  trouble  and 
anxiety  than  either  oats  or  peas* 

When  put  upon  the  apple  ration,  just  described,  these  large  and 
hungry  *  swine  not  only  ate  the  mash  voraciously,  but  they  immedi- 
ately began  to  grow  with  surprising  rapidity,  and  they  continued  to 
prosper  during  the  subsequent  month  or  six  weeks  they  remained 
under  my  observation.  I  am  ignorant  whether  the  fiittening  was 
finished  upon  the  apple  ration,  or  whether  the  hogs  may  not  finally 
have  been  fed  for  a  while  upon  maize. 

Buckwheat  bran  (not  buckwheat  husks),  a  substance  tolerably  rich 
in  nitrogen,!  which,  according  to  Johnston,  of  Durham,}  is  greatly 
approved  of  for  feeding  pigs  in  certain  parts  of  New  Brunswick,  is 
another  kind  of  food  which  might  perhaps  be  used  with  advantage 
in  conjunction  with  apples  in  some  localities. 

Statements  of  the  successful  use  of  apples,  for  feeding  boUi  cows 
and  pigs,  are  occasionally  made  in  the  agricultural  journals  of  this 
country,§  and  it  was  doubtless  the  reading  of  these  accounts,  or  the 
observation,  during  his  travels  in  this  country,  of  some  of  the  infre- 
quent examples  which  they  describe  that  led  Johnston,  of  Durham,| 

*  It  is  worthy  of  remark  that,  in  trying  to  repeat  this  experiment  the  next 
year,  near  Boston,  upon  a  single  pig,  six  or  eight  months  old,  that  had  always 
heen  kept  well  fed  In  a  sty  by  itself,  and  had,  consequently,  never  known  want, 
or  felt  the  need  of  haste  in  eating,  the  animal  absolutely  refused  to  eat  a  mash 
made  of  boiled  greening  and  russet  apples  and  com  meal. 

t  It  contains  from  15  to  18%  of  albuminoids,  according  to  the  analyses  re- 
ported by  Dietrich  and  Konig  in  their  work  entitled,  "  Zusammensetzung  und 
Verdaulichkeit  der  Futterstoffe,"  Berhn,  1874. 

I  In  his  "  Notes  on  North  America,"  Boston,  1851,  %  pp.  87,  128. 

§  See,  for  example,  the  following  instances,  which  have  been  taken  quite  at 
random:  Fessenden's  "New  England  Farmer,"  1826,  4,  125;  "Transactions 
Essex  Agricultural  Society,"  1885,  p.  88 ;  1889,  pp.  16,  17 ;  1846,  p.  29 ;  Col- 
man's  "  Fourth  Report  of  the  Agriculture  of  Massachusetts,"  1841,  pp.  128, 
826;  "Transactions  of  Connecticut  State  Agricultural  Society,"  1866,  p.  274. 

II  In  his  "  Catechism  of  Agricultural  Chemistry  and  Geology,"  Edinburgh, 
1856,  p.  60. 
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to  make  the  rather  broad  statement  that  ^  apples  are  much  used  in 
tome  parts  of  the  United  States  for  feeding  milk-cows  and  pigs,  and 
are  reckoned  about  equal  to  their  own  weight  of  potatoes." 

In  the  light  of  the  analyses,  above  recorded,  it  seems  hardly  proba- 
ble that  the  mixed  ration  of  com  meal  and  apples,  or  of  ^  cob  meal " 
and  apples,  described  in  the  statements  just  referred  to,  is  a  specially 
judicious  one,  though  it  has  probably  been  employed  in  this  country 
more  frequently  than  any  other  by  experimenters  on  apples,  and  may 
be  regarded  in  some  sense  as  the  basis  upon  which  existing  opinions 
as  to  the  fodder  value  of  this  fruit  mainly  rest 

With  regard  to  the  comparative  fodder  value  of  apples  and  pota- 
toes, that  can  only  be  determined  by  competitive  trials,  in  which  each 
of  these  kinds  of  foods  is  supplemented  by  other  kinds  that  are  compe- 
tent to  supply  the  constituents  which  are  lacking  in  the  apples  or  in 
the  potatoes,  as  the  case  may  be.  From  the  analyses  it  would  appear 
that  there  is  actually  less  food  in  a  pound  of  apples  than  in  a  pound  of 
potatoes.  The  carbohydrates  of  the  potato,  moreover,  consist  largely 
of  starch,  which  is  a  food  of  approved  value.  The  significance  of  starch 
is  so  well  understood  almost  everywhere  at  the  present  time,  that  its 
merits  are  no  longer  liable  to  be  seriously  called  in  question.  But  while 
it  is  true  that  the  functions  and  valde  of  starch  are  known  more  pre- 
cisely than  those  of  any  of  the  constituents  of  the  apple,  excepting  the 
sugar  and  fat,  it  would  be  wrong  to  suppose  that  apples  can  have 
no  value  as  fodder  because  they  contain  little  or  no  starch ;  for  the 
pectoee,  pectin,  and  allied  matters  that  constitute  a  large  proportion 
of  the  carbohydrates  of  the  apple  are  unquestionably  useful  forms  of 
food  when  used  judiciously,  as  well  as  the  sugar  that  is  contained  to 
the  extent' of  from  7  to  9%  in  apple  juice.*  It  is  a  matter  of  the 
commonest  experience  that  pumpkins  and  turnips  and  other  roots, 
which  contain  much  pectose,  are  to  be  classed  as  highly  valuable  forms 
of  fodder ;  and  it  has  been  shown  by  the  experiment  of  6rouven,t 
that  pectin,  which  had  been  prepared  for  the  purpose,  and  adminis- 
tered as  such,  was  completely  and  rapidly  digested  by  oxen. 

In  so  far  as  concerns  the  amounts  of  starch,  pectose,  and  pectin, 

*  As  determined  by  Wolff,  **  Henneberg  ft  Kraut's  Jahresbericht  fiir  1856 
und  1856/'  p.  178;  an^  bj  Fresenius  "  Annalen  Chemie  und  Pbarmacie/'  1857, 
lOL  282. 

t  Hoffinann's  "Jahresbericht  der  Agrikultur-Chemie/'  1664, 7.  801. 
VOL.  I.  47 
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ley  severally  cantam,  it  would  be  more  reusonable  to  contrast 
rith  turnips  than  with  potatoes;  though,  as  has  been  E^nn 
the  renmrkablj  bidhII  proportioo  of  nitrogea  in  the  apple 
shes  it  clearly  from  the  turnip  and  allied  roots,  as  well  as  from 
ler  kinds  of  fodder. 

>d1j  kind  of  fodder  equally  poor  in  nitrogen  which  has  fallen 
ly  notice,  is  the  curious  edible  fungus  known  as  luckahoe,  or 
read  (Packyma  Cocoa),  which  grows  in  our  Southern  Atlantic 
icneatb  the  surface  of  the  ground,  and  which  is  said  to  be  sought 
eaten  by  hogs,"  as  well  as  by  the  Indians  and  by  negroes.  A 
I  of  this  fungus  was  analyzed  in  the  laboratory  of  the  Bussey 
m  in  the  winter  of  1674-75,  according  to  the  method  usually 
1  for  the  analyus  of  fodder,  as  cited  above.  The  sample  in 
consisted  of  a  number  of  good-sized,  sound  pieces  of  the  sub- 
elected  from  the  Curtis  coUectiou  of  fungi.  The  dark-colored 
>ortion  of  the  fungus  was  cut  off  and  rejected,  and  the  internal 
itter  was  ground  to  fine  powder  and  thoroughly  mixed, 
esults  of  this  analy^  were  as  follows  : — 

In  the  kir-diled  In  the  "  iij  mb- 

Mmpla.  naact"  ta  tha 
tnckthoe. 

it  110"  C.) 14.61  

e  from  C  &  CO,) 0.2*  0.28 

oids 1.38  1.61 

drates  (including  fat)      ....     74.07  8fl.6t 

:  t  (free  from  ash) 9.80  11.47 

100.00  100.00 

mic  matter 85.25  pins  ash  =   85.40 

0.84 

, 0^0—0.242 

h 0.24 

W.  Johnton's  "Farmer's  and  Planter's  Encydoptedia  of  Bnral 
idapted  to  the  United  States,  by  Giouvemeor  Emerson,  1856,  p.  lOCfi. 
jngut  it  found  in  the  northern  part  of  China  also,  and  is  there  Urgelj' 
I  drag  and  an  escnlent.    See  "American  Journal  of  Science,"  1869, 

■ubatatics  here  Tecorded  as  cellulose,  which  nai,  of  course,  the  residual 
at  had  reaUted  the  actioo  of  weak  acid  and  alkali,  applied  in  the  usual 
it  way  for  the  purpose  of  removing  carbohydrates  and  albuminoids, 
1  appearance  and  lomcwbat  in  behavior  from  that  ordinarilj  obtained 
M  and  herbs.  While  yet  moist,  the  tuckahoe  celluloae  was  a  voluminons 
p,  but  on  drying  it  sbruuk  to  a  dark,  tough.  hom.Iike  mass.  On  boil- 
nlity  of  the  product  piepared  by  the  analytical  process  with  fresh  poi- 
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The  results  of  this  analysis  are  remarkably  different  from  those  obtained 
by  the  chemists  who  have  examined  ordinary  fungi,  such  as  mushrooms 
and  toadstools,  which  show  a  large  proportion  of  nitrogen  and  of  ash. 
See,  for  example,  the  memoir  of  Schlossberger  &  Doepping  in  **  Annalen 
der  Chemie  and  Pharmacie,"  1844,  52.  106. 

It  would  appear  from  the  analysis  made  long  ago  by  Torrey  •  that  the 
tuckahoe  consists  for  the  most  part  of  pectose,  or  a  substance  of  similar 
properties,  and  that  it  contains  very  little,  if  any,  sugar  or  starch  or  gluten. 
It  seemed  to  Dr.  Torrey  **  a  very  remarkable  circumstance  that  an  entire 
vegetable,  in  a  dried  st.ita,  should  consist  almost  exclusively  of  one  prox- 
imate principle." 

With  regard  to  the  composition  of  the  apple,  however,  it  should  be 
said  that  it  is  not  very  unlike  that  of  some  other  fruits.  Analyses  of 
other  kinds  of  fruits  that  have  been  made  by  Fresenius,  in  the  place 
above  cited,  go  to  show  that  a  few  of  them,  such  as  pears,  and  some 
kinds  of  plums,  contain  no  more  nitrogen  than  the  apple. 

The  analysis  of  pomace,  and  the  statement  of  the  composition  of 
the  dry  matter,  contained  in  it,  indicate  some  of  the  reasons  why  this 
sabstance  has  been  held  in  such  small  estimation  hitherto,  either  as 
fodder  or  as  manure.  Thus  Marshall  f  long  ago  remarked  that  pomace 
*•  is  considered  of  little  value  as  manure  (but  I  know  not  why)."  He 
had,  of  course,  no  means  of  ascertaining,  what  the  analysis  clearly 
shows,  that  pomace  actually  contains  only  a  very  small  proportion 
of  matters  that  are  useful  as  food  for  plants.  There  are,  indeed,  few 
vegetable  substances  likely  to  be  used  as  manure  that  con^in  so  small 
a  proportion  of  nitrogen  and  of  ashes  as  pomace.  The  common  opin- 
ion of  our  farmers  that  pomace  has  scarcely  any  fertilizing  power, 

tions  of  the  dilute  potash  lye,  it  appeared  that  scarcely  any  of  it  dissolved  in  that 
liquid.  When  tested  with  iodine  and  sulphuric  acid,  it  did  not  give  any  blue 
coloration  such  as  was  readily  obtained  with  cellulose  that  had  biien  prepared 
from  apples,  potatoes,  buttercups,  and  filter  paper.  In  this  connection  a  remark 
of  Schlossberger  in  his  '^Lehrbuch  der  organischen  Chemie."  Leipzig,  p.  86, 
may  be  cited  :  "  The  membrane  of  yeast  cells  and  the  cell  walls  of  fungi  appear 
to  be  identical  with  ordinary  cellulose,  though  it  has  not  been  observed  that  they 
give  the  blue  reaction  with  iodine  [after  acid]."  Compare  the  analyses  of 
cellulose  from  fungi,  and  other  sources,  in  Groelin's  '*  Handbook  of  Chemistry," 
15.  pp.  129-138. 

♦  "  Medical  Repository,"  New  York,  1821,  6.  87,  and  "  New  York  Medical 
and  Physical  Journal,"  1827, 6«  484.  It  is  remarkable  that  this  careful  research 
of  Torrey  seems  never  to  have  been  noticed  either  by  investigators  of  pectous 
substances,  or  by  the  compilers  of  the  chemical  cyclopiedias  now  in  common  use. 

t  In  his  *'  Rural  Economy  of  Glocestershire,"  1706,  2.  810. 
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except  in  80  £ftr  86  it  may  be  made  useful  for  mulching,  is  dearly  a 
correct  opinion. 

In  respect  to  the  fodder  value  of  pomace  it  may  be  said  to  resemble 
that  of  apples,  on  the  whole,  and  to  demand  the  same  kinds  of  addi- 
tions. Since  the  proportion  of  albuminoids  in  pomace,  though  higher 
than  in  the  apple,  is  still  very  low,  there  is  manifest  need  of  mixing 
with  the  pomace  some  kind  of  highly  nitrogenized  food,  such  as  fish- 
scrap  (as  was  said  before)  and  fieshmeal  that  have  been  prepared 
expressly  for  feeding  animals.  It  cannot  be  too  strongly  insisted  that 
both  these  materiab  are  intrinsically  much  too  valuable  to  be  used 
directly  as  manure.  There  can  hardly  be  room  to  doubt  that  it  would  be 
much  more  advantageous  for  all  parties  concerned  if  both  the  fish  and 
the  flesh  were  prepared  and  used  as  cattle  food.  It  is  to  be  observed, 
however,  that  pomace  is  a  decidedly  coarser  kind  of  food  than  apples, 
and  that  it  is  consequently  less  generally  applicable  than  the  latter. 
It  would  seem,  nevertheless,  to  have  a  distinct  and  definite  value  as 
fodder,  and  to  be  well  worth  the  trouble  of  saving  for  that  purpose. 
It  would  be  interesting  to  determine  by  actual  trial  whether,  beside 
the  ordinary  method  of  drying,  a  process  of  preservation  which  is 
largely  employed  in  Europe  for  keeping  a  variety  of  soft  and  juicy 
materials,  and  particularly  those  which  cannot  easily  be  dried,  might 
not  be  available  for  the  preservation  of  pomace.  The  so-called 
"  sour  hay  "  or  "  sour  fodder,"  which  results  fi*om  the  process  of 
incipient  fermentation  now  in  question,  may  be  made  from  the  refuse 
of  potato-starch  works,  from  the  residue  of  the  sugar-beet  root  afler 
the  juice  has  been  expressed,  from  frozen  potatoes  or  other  roots,  as 
well  as  from  beet  leaves,  fodder  rorn,  and  other  succulent  herbage. 
The  trouble  of  preparation  is  small ;  the  sour  fodder  is  greedily  eaten 
by  cattle,  and  it  may  be  kept  even  until  spring  without  harm. 

The  small  amount  of  nitrogen  and  of  ash  in  the  apple  shows  how 
little  an  orchard  of  this  fruit  would  tend  to  exhaust  the  land,  provided 
the  conditions  were  such  that  the  leaves  falling  from  the  trees  could 
be  retained  upon  the  ground  beneath.  An  analysis  of  apple  ash,  by 
Richardson,  cited  on  page  208  of  this  Bulletin,  shows  that  a  thousand 
pounds  of  fresh  apples  would  carry  off  no  more  than  eight-tenths  of 
a  pound  of  potash  and  one-third  of  a  pound  of  phosphoric  acid. 


BULLETIN  OP  THE  BUSSEY  INSTITUTION.  373 


No.  18.  —  On  the  Composition  of  Date  Stones ;  and  of  the 
Stones  of  Peaches  and  Prunes.  By  F.  H.  Stoebr,  Pro- 
fessor of  Agricultural  Chemistry. 

It  is  a  matter  of  ^miliar  observation  that  the  stones  of  the  ordinary 
edible  date,  from  the  palm  Phcenix  dactylifera,  are  extremely  tough 
and  hard,  and  that  their  outward  appearance  gives  little  indication  that 
they  possess  any  value  as  food.  Yet  it  b  well  known  through  the 
reports  of  travellers  that  date  stones  are  often  employed  as  fodder  by 
the  Arabs.  Thus,  for  example,  Burckhardt  *  states  that  ^  The  people 
of  the  Hedjaz,  like  the  Egyptians,  make  use  of  the  leaves,  the  outer 
and  inner  bark  of  the  trunk  [etc,  of  the  date  palm] ;  and,  besides  this, 
they  use  the  kernels  of  the  fruit  as  food  for  their  cattle:  they  soak  them 
for  two  days  in  water,  when  they  become  softened,  and  then  give  them 
to  camels,  cows,  and  sheep  instead  of  barley ;  and  they  ai'e  said  to  be 
much  more  nutritive  than  that  grain.  There  are  shops  at  Medina  in 
which  nothing  else  is  sold  but  date-keniels ;  and  the  beggars  are  con- 
tinually employed  in  all  the  main  streets  in  picking  up  those  that  are 
thrown  away.  In  the  province  of  Nedjed  the  Arabs  grind  the  kernels, 
for  the  same  purpose ;  but  this  is  not  done  in  the  Hedjaz." 

So,  too,  Richardson  f  remarks  that  "  The  very  stones  [of  the  date- 
palm]  are  split  and  pounded  to  fatten  all  animals  here  "  [at  Ghademes 
in  the  Sahara]. 

It  has  occurred  to  me  that  an  important  lesson  for  those  farmers 
who  have  not  yet  familiarized  themselves  with  the  significance  of 
chemical  analysis  as  a  means  of  indicating  the  values  of  fodders  might 
be  drawn  from  the  analysis  of  date  stones,  since  it  would  be  hard  to  find 
any  other  substance  equally  familiar  whose  outward  appearance  ^ves 
so  little  promise  of  its  real  worth.  There  are  probably  very  few  things 
used  as  fodder  that  are  so  little  likely  to  be  understood  or  valued  aright 
if  one  were  to  judge  from  appearances  merely. 

For  the  sake  of  contrast  I  have  had  analyses  made  of  peach  and 
prune  stones  also :  that  is  to  say,  of  the  hard  covering  or  shell  of  the 

•  Burckhardt,  J.  L.,  *'  Travels  in  Arabia."    London,  1820,  2.  pp.  211,  212. 
t  Richardson,  James,  "Travels  in  the  Great  Desert  of  Sahara."    London, 
1848,1.843. 
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kernels  of  peaches  and  French  prunes.  Each  of  the  analyses  has, 
of  course,  a  certain  value  for  its  own  sake,  in  that  it  adds  one  new 
item  to  the  lists  of  analyses  of  fodders  from  different  countries  that 
have  heen  gradually  accumulated  by  chemists. 

The  character  of  the  materiab  examined  and  the  results  of  the 
analyses  will  appear  from  the  following  statements:  — 

I.  Date  stones  taken  from  a  sample  of  light-colored  dates,  called 
"  sugar-cured,"  by  the  grocers. 

II.  Date  stones  taken  from  a  sample  of  the  ordinary  dark-colored 
dates,  said  to  be  ^  molasses  cured."  The  dates  of  both  Nos.  I.  and  II. 
were  in  the  usual  pressed  or  impacted  condition  in  which  they  are 
brought  to  this  country  in  the  so-called  frails,  or  bags  of  basket-work. 

The  flesh  of  the  dates  was  completely  removed  from  the  stones  ia 
both  instances,  before  the  latter  were  prepared  for  analysis.  It  was 
found  to  be  a  very  difficult  matter  to  reduce  the  tough  date  stones  to 
powder  fine  enough  for  an  analysis.  On  pounding  in  a  steel  mortar 
the  coarse  grains  obtained  by  the  use  of  a  drug  mill  each  grain  would 
be  completely  flattened  under  the  pestle.  It  was  only  by  repeatedly 
grinding,  pounding,  and  sifting  the  material  that  the  whole  of  it  was 
finally  reduced  to  the  condition  of  a  tolerably  fine  powder. 

III.  Peach  stones ;  that  is  to  say,  the  hard  part,  or  shell,  of  the 
kernel  of  the  peach.  The  substance  analyzed  was  a  mixture  of  shells 
from  two  kinds  of  peaches  obtained  in  this  vicinity  early  in  October, 
1874.  The  flesh  of  the  peaches  was  carefully  removed  by  rubbing 
and  washing  the  stones.  The  proportion  of  hard  external  shell  to  the 
soft  internal  ^  meat "  of  the  kernel  was  found,  in  March,  1 875,  to  be 
as  90.82^  is  to  9.18^  in  the  one  kind;  and  as  92.63^  is  to  7.37^ 
in  the  other.  It  had  been  noticed  that  the  peaches  of  the  last-named 
sort  were  less  palatable  than  the  others. 

IV.  Prune  stones ;  that  is  to  say,  the  hard  part  or  shell  of  the  ker- 
nels of  dried  (but  uncooked)  French  prunes  from  which  the  external 
fleshy  part  of  the  fruit  had  been  completely  removed  by  rubbing  and 
washing.  The  relative  weights  of  the  hard  shell  and  the  soft  *^  meat  ^ 
within  the  shell  were  as  74.3  c^  is  to  25.7  «^. 
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Y  TT  Mean  of  the 

two  Analyses. 
Date  Stones.    Date  Stones. 

Water 7.71  10.83  d.27 

Ash  (free  from  G  and  GO,) 1.05  1.02  1.04 

Albaminolds 5.16  6.75  5.46 

Carbohydrates  (including  Celt) .    .    .    .  62.01  60.34  61.17 

Cellolose  (free  from  ash) 24.07  22.06  23.A6 

100.00  100.00  100.00 

Dry  organic  matter 91.24  88.15  89  70 

*  Fat  (ether  extract) 8.96*  8.05*  8.50 

Nitrogen 0.79  —  086  0.92  0.86 

Crude  ash 1.05  1.02  1.04* 

in.  IV. 

Peach  Stones.  Prone  Stones. 

Water 6.53  10.96 

Ash  (free  fti>mG&0Oa) 0.36  0.40 

Albuminoids 0.68  0.31 

Carbohydrates  (including  fiit).    .    .    .         22.90  89.69 

Celluloee(free  from  ash) 70-63  48.74 

100.00  100.00 

Dry  organic  matter 94.11  88.64 

Fat  (ether  extract) 0.09  0.72 

Nitrogen 0091  —  0.096  0.05 

Crude  ash 0.44  0.40 

It  will  be  seen  at  a  glance,  from  the  foregoing  analyses,  that  the  date 
stones  are  very  much  richer  than  the  peach  and  prune  shells  in  all 
three  of  the  more  important  constituents  of  fodder ;  namely,  the  albumi- 
noids, the  carbohydrates,  and  the  fats.  It  is  to  be  noticed,  however, 
that  this  fact  is  neither  surprising  nor  unexpected,  for  the  compact 
date  stone  comprises  both  shell  and  kernel  {t,e,,  both  stone  and  meat) ; 
while,  in  the  case  of  the  peach  and  prune  stones,  the  shells  alone  were 
analyzed  after  the  kernel  proper  had  been  carefully  removed. 

The  composition  of  the  date  stones,  as  exhibited  by  the  analyses,  is 
really  quite  interesting,  inasmuch  as  it  differs  decidedly  from  that  of  all  the 
foddering  materials  that  have  been  examined  hitherto.  The  use  of  the 
date  stones  as  fodder  is  explained  and  justified  by  the  analyses,  since 
it  is  made  plain  that  they  are  rich  in  fat  and  in  carbohydrates,  and  that 
they  contain  a  fair  proportion  of  albuminoids  also,  while  they  are  by 
no  means  very  highly  charged  with  cellulose. 

It  will  be  seen  from  the  following  table  f  of  the  average  composition 

*  The  ethereal  extract  from  the  powdered  date  stones  left,  when  dried,  a 
remarkably  pure  fat.  In  both  instances,  the  residue  was  a  clear  light-brown 
oil,  that  remained  fluid  at  the  ordinary  temperature  of  the  air. 

t  Copied,  with  some  slight  alterations,  from  Dietrich  and  Koenig's  "  Zusam- 
mensetsong  und  Verdaulichkett  der  Futteratoffe/'  Beiiin,  1874,  pp.  76.81. 


^f^^ 


^iV   >K 
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Date  Stones  Contrasted  with  other  Fodders. 


Name  of  the  Fodder. 


Date  Stones  (mean  of  the  two 
analyses) 


OUre  Cake 


Aooms,  with  their  sheUs  .    .    . 


Chestnats,  with  their  shells  .    . 


Shelled  Chestnuts 


Shelled  Acorns 


•       •  •        •       • 


Barley 


Wheat 


Maize 


Hay 


Beet-root  Cake,  (firom   sugar- 
making)  


Potato  Pulp . 


Cabbage  Stomps 


After  moistare  has  been  expelled  by  dry- 
ing the  fodder  at  212^  ( P. ),  the  dry  ttUh- 
stance  contains  per  cent  of:  — 

11 

i 

1 

"i 

9 
5 

1^ 
II 

P 

1 

i 

The  per  cent  of  di 
in  the  uudried 

* 

1.15 

602 

67.42 

26.42 

9.37 

90.73 

7.83 

6.97 

46  55 

38.65 

15  23 

86.24 

231 

6.03 

75.24 

17.43 

418 

65.48 

2.57 

6.31 

76.86 

16.62 

4.32 

61 4» 

2.43 

6.36 

85.66 

1 

566 

473 

76.M 

200 

6.25 

86.00 

5.76 

6.38 

80.00 

3.03 

13.90 

77.16 

5  91 

2.40 

86.93 

1.94 

14.55 

81.11 

2.40 

1.78 

86.84 

2  81 

11.33 

81.05 

4.81 

6.33 

87.62 

7.6S 

11.82 

50.68 

29  85 

2.73 

85.41 

10J6 

6.76 

62J» 

1 
19.79 

1.48 

28.23 

1.44 

4.89 

79.63 

14.04 

0.86 

13.89 

10.64 

6.10 

67  82 

16.64 

1.66 

18.00 

of  the  dry  substance  in  several  kinds  of  fodders  that  the  date  stones 
bear  a  certain  distant  resemblance  to  chestnuts  and  acorns,  and  to  the 
<<  oil  cake "  that  is  left  on  expressing  the  oil  from  olives,  though  the 
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resemblance  is  very  slight  at  the  best  It  can  be  said  merely  that  the 
date  stones  resemble  these  things  more  nearly  than  they  resemble 
barley,  wheat,  and  hay,  and  most  other  foddering  materials.  It  will 
be  noticed  that  there  are  several  other  substances  —  such  as  the  refuse 
cake  of  the  beet  root,  from  which  the  juice  has  been  expressed  for 
making  sugar ;  potato  pulp  left  in  the  manufacture  of  starch  ;  and  cab- 
bage stumps  also  —  whose  composition  resembles  that  of  date  stones  in 
one  or  two  particulars,  but  which  is  clearly  distinguished  therefrom  by 
the  £Gtct  that  the  substances  in  question  contain  very  little  fat. 

The  unlikeness  of  the  date  stones  to  most  of  the  ordinary  fodders 
may  be  clearly  seen  by  comparing  the  analyses  ^ven  on  the  previous 
page  with  the  tables  of  fodder  analyses  on  pages  385-388  of  Johnson's 
«  How  Crops  Grow,"  New  York,  1868. 
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No.  19.  —  Analyses  of  Sundry  Potassic  Fertilizers^  proeurabU 
in  Boston.  By  F.  H.  Stobeb,  Professor  of  Agricultural 
Chemistiy. 

The  following  list  comprises  a  number  of  analyses  that  have  been 
made  from  time  to  time  in  the  Bussey  laboratory  since  1872.  It  maj 
be  regarded  as  a  supplement  to  the  article  on  wood  ashes,  which  was 
printed  a  year  or  more  ago  on  pages  191  to  251  of  this  Bulletin. 
Taken  in  connection  with  that  article,  it  may  serve  to  convey  a  tolerably 
clear  idea  of  the  amounts  of  potash  that  are  contained  in  the  fertilizers 
here  obtainable,  and  to  indicate  those  which  are  most  worthy  the  atten- 
tion of  the  farmers  of  New  England. 

I.  A  sample  of  Muriate  of  Potash  taken  from  a  ton  or  two  of  the 
substance  that  was  obtained,  in  the  autunm  of  1872,  from  William 
Grange,  of  Baltimore,  by  Henry  Saltonstall,  Esq.,  of  West  Peabody, 
Mass.  From  the  bill  of  sale  it  appears  that  the  muriate  was  held  to 
contain  83^  of  pure  chloride  of  potassium,  by  the  Baltimore  dealer, 
and  was  sold  at  the  rate  of  2f  cents,  gold,  per  pound  on  the  basis  of 
80^  pure  chloride  of  potassium.  The  price  was  equal  to  $60,  cor- 
rency,  per  ton,  as  will  appear  directly. 

II.  A  sample  of  Muriate  of  Potash  taken  from  a  lot  of  six  tons  bought 
in  Boston  in  January,  1874,  by  John  R  Brewer,  Esq.,  of  Hingham. 
This  lot  of  muriate  was  said  to  contain  about  85^  of  the  pure  chloride. 
Its  price  was  $55,  currency,  per  ton,  on  the  basis  of  80^. 

The  results  of  these  analyses  are  as  follows :  — 

L  u. 

Moisture 1-29^  0.49 

Sand 0.60  O.U 

Beal  potash  (K^O) 62.94  52.80 

[Or,  chloride  of  potassium      ....    83.80  83.58] 

Beside  the  substances  here  enumerated,  the  article  known  in  commerce 
as  "80^  muriate"  contains  some  12  or  15^  of  chloride  of  sodium 
and  a  small  amount  of  chloride  of  magnesium.  Compare  Heiden's 
«  DUngerlehre,"  Stuttgart,  1868,  «.  881. 

It  will  be  seen  that  these  analyses  agree  closely  with  the  statements 
of  the  dealers  firom  whom  the  fertilizers  were  bought    Like  the  anal- 
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yses  of  many  otiMr  chemists,  they  bear  emphatic  witness  to  the  general 
good  quality  of  the  Stassfurt  muriate  of  potash  of  80^.  When  the 
lot  was  purchased  from  which  sample  No.  I.  was  taken,  the  price  of 
gold  was  114^;  hence  the  cost  of  the  muriate  in  terms  of  American 
currency  was  three  cents  per  poundy  which  would  be  equivalent  to 
nearly  six  cents  per  pound  for  real  potash  (K^O).  In  sample  No. 
II.  the  price  of  real  potash  was  about  5^  cents  per  pound,  as  has  been 
stated  already  in  the  note  on  page  185  of  this  Bulletin.  In  the  spring 
of  1875,  muriate  of  potash  of  80^  was  sold  at  about  three  cents  cur- 
rency per  pound  in  Boston,  and  at  2^  to  2|  cents  in  New  York.  At 
the  present  time  (November-December,  1875)  it  is  worth  2|  cents 
currency  in  New  York,  and  can  be  brought  thence  to  Boston  for  ^  cent 
per  pound. 

III.  A  sample  of  so-called  '*  Stassfurt  potash  salt,"  sent  to  Thomas 
Motley,  Esq.,  at  the  Bussey  Farm  in  May,  1878,  by  a  Boston  importer. 
The  sample  was  said  to  have  been  drawn  from  several  bags.  The  re- 
sults of  its  analysis,  given  below,  differed  but  little  from  those  obtained 
on  analyzing  another  sample,  previously  sent  to  Mr.  Motley  by  the 
same  dealer,  that  had  been  taken  from  a  single  bag. 

lY.  A  sample  of  '*  Kainit,"  taken  from  a  ton  of  the  substance  bought 
in  May,  1873,  of  a  Boston  importer,  by  John  R.  Brewer,  Esq.,  of 
Hingham.  These  samples  contained,  besides  much  chloride  of  sodium, 
an  abundance  of  magnesium  salts  and  some  gypsum :  — 

III.  IV. 

Moisture 5.74%  7.53 

Matters  insoluble  in  water 6.08  5.54 

Sulphuric  acid 10.17  10.19 

Real  potash  (KaO) 11.42  10.59 

[Or,  calculated  as  sulphate  of  potash    .    21.12  19.58] 

Considered  as  potassio  manures,  Nos.  III.  and  IV.  were  manifestly 
greatly  inferior  to  the  samples  of  muriate  (Nos.  I.  and  II.)  previously 
described.  At  $40  per  ton,  the  price  paid  for  No.  IV.,  each  pound  of 
real  potash  would  come  to  rather  more  than  18  cents,  to  say  nothing 
of  the  cost  of  handling  the  1600  pounds  of  useless  matters  in  each  ton 
of  the  fertilizer,  or  of  the  risk  that  some  of  these  extraneous  matters 
(magnesium  and  sodium  salts)  might  actually  injure  the  crops  to  which 
they  were  applied. 
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It  is  to  be  observed  that,  although  the  fertilizers  numbered  IIL  aod 
IV.  contain  enough  sulphuric  acid  to  enable  the  dealers  to  speak  of 
them  as  if  their  potash  were  in  the  form  of  a  sulphate,  they  cannot 
justly  be  regarded  by  the  farmer  as  sulphate  of  potash,  or  as  possessing 
any  quality  which  would  tend  to  make  them  preferable  to  the  muriate. 
They  consist  in  reality  of  mixtures  of  the  chlorides  and  sulphates  of 
sodium,  magnesium,  and  potassium,  and  are  in  every  respect  inferior  to 
the  high  grade  *^  muriate,**  or  chloride  of  potassium,  such  as  was  de- 
scribed under  Nos.  I.  and  II. 

The  fact  that  the  American  market  has  for  several  years  past  been 
flooded  with  the  lower  grades  of  the  Stassfurt  fertilizers  is  a  curious  evil, 
that  needs  to  be  generally  known,  —  and  to  be  corrected.  The  higher 
grades  are,  of  coursci  much  better  able  to  bear  the  costs  of  transporta- 
tion, and  should  by  good  rights  always  be  brought  to  us,  as  has  been 
indicated  in  the  note  on  page  185  of  this  Bulletin.  I  am  informed, 
however,  that  the  Stassfurt  salts  are  imported  for  the  most  part  in  the 
vessels  which  are  employed  for  carrying  petroleum  to  Europe.  Many 
of  these  vessels  are  old  and  of  little  value,  and  quite  unfit  for  other  uses. 
But,  in  coming  back  to  this  country,  they  bring  many  empty  petroleum 
casks,  and  the  Stassfurt  fertilizers  have  been  found  to  be  well  adapted 
to  serve  as  ballast  to  keep  such  barrel-laden  ships  steady.  The  owners 
of  the  vessels  care  only  for  the  weight  of  the  fertilizers ;  and,  since  they 
have  usually  but  little  command  of  capital,  they  naturally  prefer  to  take 
those  classes  of  salts  which  will  give  them  the  largest  amount  of  dead 
weight  at  the  least  cost. 

y.  A  sample  of  dark  gray  '*  prussiate  residue,*'  from  prussiate  of 
potash  works  at  New  Bedford,  Mass.,  obtained  from  W.  H.  Chessman, 
of  Boston,  dealer  in  potashes.  This  substance  was  readily  and  com- 
pletely soluble  in  water.     It  contained,  among  other  things,  — 

Moisture 1.71— 2.185^ 

Silicic  acid 1.09 

Sulphuric  acid 1.01 

Phosphoric  acid 0.47 

Real  potash  (K2O) 43.14 

Beside  the  constituents  enumerated  above,  the  sample  contained  car- 
bonic acid,  traces  of  iron  and  alumina,  a  good  deal  of  sodium,  and  a 
small  proportion  of  an  alkaline  sulphide.  A  small  quantity  of  sul- 
phuretted hydrogen  was  evolved  on  adding  an  acid  to  the  substance  or 
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to  its  aqueous  solution.  On  being  tested  as  to  its  alkalinity,  it  appeared 
that  the  substance  neutralized  as  much  standard  acid  as  would  be 
equivalent  to  51.25  pounds  of  pure  dry  carbonate  of  potash  for  every 
hundred  pounds  of  the  material.  In  the  spring  of  1874,  this  sub- 
stance was  offered  at  retail  in  Boston  fbr  three  cents  per  pound,  a  price 
that  was  itaanifestly  too  high,  in  so  far  as  the  real  potash  was  concerned, 
since  it  made  the  pound  of  that  ingredient  come  to  nearly  seven  cents 
at  a  time  when  it  could  be  bought  in  Boston  at  5^  cents  in  the  form  of 
muriate  of  potash,  as  has  just  been  shown. 

The  proportion  of  potash  in  the  prussiate  residues  is  naturally  sub- 
ject to  considerable  variation.  Thus  a  sample  offered  in  the  spring  of 
1874,  by  a  New  York  dealer  in  fertilizers,  Mr.  Greorge  E.  White,  of 
160  Front  Street,  contained  54^  of  real  potash,  according  to  the  certif- 
icate of  a  chemist  of  that  city ;  and,  since  the  article  was  sold  at  2|  cents 
per  pound,  it  appears  that  the  pound  of  real  potash  would  have  cost 
in  this  form  a  trifle  more  than  five  cents.  That  is  to  say,  but  little 
more  than  it  would  have  cost  in  the  form  of  muriate  of  potash,  for  the 
price  of  the  80^  muriate  at  that  time  in  New  York  was  2^  cents  per 
pound,  which  is  equal  to  five  cents  per  pound  for  real  potash. 

As  a  matter  of  course,  rather  more  care  would  be  required  in  using 
a  substance  such  as-  this,  which  contains  a  soluble  sulphide,  than  would 
be  needed  for  the  successful  application  of  the  better  kinds  of  Stassfurt 
fertilizers.  The  farmer  would  have  to  be  upon  his  guard  lest  the 
poisonous  ingredient  should  actually  harm  his  crop.  The  prussiate 
residues  are  well  adapted,  however,  for  composting  peat,  and,  at  least  as 
regards  the  sample  examined  in  this  laboratory,  could  do  no  harm 
when  applied  in  moderate  doses  to  plough-land  some  days  before  any 
seeds  were  to  be  sown.  The  small  amount  of  sulphide  which  the 
fertilizer  contains  would  be  quickly  destroyed  in  the  earth,  through 
oxidation  and  by  the  action  of  carbonic  acid  from  the  air  and  the  soil. 
It  is  possible  that  in  some  cases  the  sulphide  of  the  prussiate  residue 
might  be  made  to  serve  a  useful  purpose  in  destroying  weeds,  insects, 
or  fungi;  and  it  might  sometimes  happen  that  on  this  account  the 
farmer  would  be  justified  in  giving  the  preference  to  the  pinissiate 
residue  over  another  fertilizer  equally  rich  in  potash.  This  remark 
would  probably  apply  with  greater  force  to  a  certain  by-product  which 
occurs  in  the  manufacture  of  the  purest  cyanide  of  potassium  for  elec- 
troplaters'  use  than  to  the  prussiate  residues  above  described.     These 
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cyanide  residues  are  said  to  be  bought  and  sold  in  considerable  quanti- 
ties in  New  York  at  cheap  rates*  They  are  obtained  from  the  mother 
liquors  whence  pore  cyanide  of  potassium  has  been  separated  by  crys- 
tallization. They  are  said  to  contain  a  high  percentage  of  potash 
(more  than  50^),  and  to  be  used  by  the  makers  of  fertilizers  as  a 
means  of  putting  potash  into  their  wares.  Such  residues  would  prob- 
ably almost  always  contain  more  or  less  cyanide  of  potassium,  whidi, 
as  was  just  suggested,  might  sometimes  be  used  with  advantage  for 
destroying  noxious  insects,  or  perhi^  plants.  Once  mixed  with  the 
soil,  it  would  soon  lose  any  cyanide  of  potassium  that  may  have  been 
contained  in  it,  since  that  compound  would  be  decomposed,  and  made 
harmless  by  the  action  of  carbonic  acid.  As  regards  the  practice  of 
mixing  the  cyanide  residues  with  other  commercial  fertilizers,  for  the 
sake  of  introducing  a  certain  amount  of  potash,  the  practice  would 
seem  to  be  safe  enough  in  so  far  as  concerns  the  superphosphates ;  for 
the  soluble  phosphoric  acid  of  a  true  superphosphate  would  quickly 
decompose  any  cyanide  of  potassium  with  which  it  came  in  contact,  as 
it  would  the  alkaline  sulphide  in  a  prussiate  residue.  But  when  mixed 
with  most  kinds  of  commercial  manures,  other  than  the  true  super- 
phosphates, the  cyanide  residues  would  undergo  no  such  purification : 
they  would  be  simply  concealed  in  the  mixture,  and  from  the  very  fact 
of  their  concealment  would  be  more  likely  to  do  harm  than  when  used 
by  themselves.  This  remark  illustrates  one  general  objection  to  the 
custom  of  buying  mixed  manures,  which  seems  to  be  gaining  ground 
in  this  vicinity.  There  are  many  reasons  why  the  &rmer  should  as  a 
rule  buy  his  potassic,  phosphatic,  and  nitrogenous  fertilizers  separately, 
and  judge  for  himself  as  to  the  proportion  in  which  each  should  be 
used  upon  any  given  farm  or  field ;  and  not  least  among  these  reasons 
is  the  security  which  is  gained  of  knowing  the  character  of  each  of  the 
materials  with  which  he  means  to  deaL  There  is  little  risk  in  applying 
any  manure  whose  attributes  are  clearly  understood,  and  of  the  sub- 
stances now  in  question  it  may  be  said  that  the  peculiarities  of  both 
are  palpable.  It  would  be  easy  to  recognize  either  the  prussiate  resi- 
due or  that  from  the  cyanide  so  long  as  the  residues  were  kept  by 
themselves ;  but  when  mixed  with  other  fertilizers  it  might  be  hard  to 
detect  them,  and  it  would  usually  be  very  difficult  to  judge  of  the 
amount  of  either  of  them  that  the  mixture  contained.  It  may  be 
remarked  in  this  connection  that  much  harm  has  actually  been  done  in 
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Europe  through  the  practice  which  prevails  there  to  a  certain  extent  of 
mixing  sulphocyanide  of  ammonium  (or  sulphate  of  ammonia  that  is 
contaminated  with  the  sulphocyanide)  with  phosphatic  manures.  The 
sulphocyanide  is  obtained  in  considerable  quantities  at  very  small  cost, 
as  an  incidental  product  in  one  of  the  processes  ordinarily  employed  for 
purifying  illuminating  gas.  It  is  thrown  upon  the  market  at  a  low 
price,  and  has  doubtless  been  a  good  deal  used  by  careless  and  unscru- 
pulous manu&cturers  of  the  so-called  ammoniated  superphosphates.  An 
advertisement  such  as  the  following,  copied  from  the  **  London  Chem- 
ical News"  of  Nov.  20,  1874, — "  Sulphocyanide  Ammonium  :  About 
20  tons  for  sale,  containing  nitrogen  equal  to  34  per  cent  ammonia," — 
would  naturally  attract  the  attention  of  dealers  in  manures,  and  would 
be  likely  to  tempt  the  unprincipled.  It  should  again  be  said,  however, 
that  the  sulphocyanide,  though  inadmissible  as  an  ingredient  of  mixed 
manures,  may  eventually  prove  to  be  of  real  value  to  the  fiumer  as  an 
agent  for  destroying  insects,  fungi,  and  weeds. 

VL  A  sample  of  saltpetre  waste  obtained  fkx>m  a  manufacturer  of 
gunpowder  in  the  winter  of  1874,  by  Henry  Saltonstall,  £^q.  Two 
analyses  of  the  sample  gave  the  following  results :  — 

A  T»  MeAn  of  the 

^'  **•  Two  Analyuee. 

Moisture 4.94^         

Potash  (K2O) 26.61  26.70  26.65 

Sulphuric  acid 1.88  1.37  1.63 

Nitric  acid  (N2O5)      .    .     .      7.28  7.59  7.44 

[Or,  nitrogen 1.89  1.97  1.93] 

The  sample  represented  thirty  tons  of  the  waste  which  had  accumu- 
lated at  the  powder  mill,  and  the  lot  was  offered  for  sale  at  1^  cents 
per  pound,  delivered  in  Boston.  At  the  time  when  the  sample  was 
procured,  nitrogen  in  the  form  of  nitrate  of  soda  cost  rather  more  than 
24  cents  (currency)  per  pound  in  Boston ;  and  potash  in  the  form  of 
muriate  of  potash  was  worth  5^  cents  per  pound,  aS  was  stated  on  page 
379.  Hence  the  saltpetre  waste  could  be  credited  with  46  cents  per 
hundred  pounds  on  a'ccount  of  the  nitrogen  contained  in  it,  and  with 
$1.47  on  account  of  the  potash.  It  was  intrinsically  worth  nearly 
two  cents  per  pound,  although  offered  for  sale  at  a  cent  and  a  half. 

There  are,  doubtless,  a  number  of  localities  in  this  country,  in 
the  vicinity  of  powder  mills,  where  small  quantities  of  saltpetre 
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waste  may  be  obtained  occasionally  at  a  low  price,  for  the  waste  is 
good  for  nothing  except  to  be  used  as  manure.  But,  from  the  nature 
of  the  case,  the  saltpetre  waste  is  liable  to  vary  greatly  in  quality ;  and, 
since  its  value  depends  almost  wholly  upon  the  nitric  acid  and  the 
potash  that  are  contained  in  it,  the  farmer  should  be  careful  to  have  the 
proportion  of  these  ingredients  determined  by  the  analysis  of  a  fair 
sample  of  the  material  each  and  every  time  that  he  wishes  to  purchase 
any  of  it  When  the  quantity  of  waste  to  be  disposed  of  is  as  large  as 
the  lot  from  which  the  foregoing  sample  was  drawn,  the  cost  of  an  analysis 
would  be  small  in  comparison  with  the  value  of  the  material,  and  would 
hardly  be  felt  at  all  if  several  farmers  were  to  combine  to  buy  the 
whole  of  the  waste  with  the  view  of  dividing  it  and  the  costs  of  pro- 
curing it,  among  them.  As  an  example  of  the  var3ring  character  of 
saltpetre  waste  an  analysis  reported  by  Professor  Johnson,*  of  New 
Haven,  in  1868,  may  be  cited.  Johnson's  sample  was  found  to  contain 
9.63^  of  potash  and  2.90^  of  nitric  acid  [or  nitrogen  1.04^]  and 
moisture  11.52^,  while  its  price  was  $35  per  ton. 

It  is  of  interest  to  note  that  the  proportions  of  the  saline  constituents 
in  Johnson's  sample  were  unlike  those  of  the  sample  analyzed  in  the 
Bussey  laboratory.  Thus  while  Johnson  could  report  as  a  probable 
arrangement  of  the  bases  and  acids  the  statement  given  below  under 
C ;  the  small  amount  of  sulphuric  acid  in  my  sample  precluded  such 
an  arrangement,  and  suggests  the  statement  (taken  from  analysis  A) 
which  is  given  under  D.  In  a  word,  Johnson's  sample  contained  a 
large    proportion  of   sulphates,  and    my  sample  contained   a  large 

amount  of  chlorides. 

0.  D. 

Sulphate  of  potash 11.39^  4.10^ 

22.52  


Sulphate  of  soda  .  . 
Chloride  of  sodium  . 
Nitrate  of  potash  .  . 
Chloride  of  potassium 
Moisture 


38.75  about  45.00 

7.45  13.62 

28.63 

11.52  4.94 


It  is  not  unlikely  that  the  saltpetre  waste,  D,  resulted  from  a  process 
of  manufacture  different  from  that  used  in  the  case  of  C.  Perhaps  the 
latter  came  from  the  simple  recrystallization  of  East  Indian  saltpetre ; 
while  D  may  have  been  formed  in  some  one  of  the  processes  by  which 
nitrate  of  soda  is  converted  to  nitrate  of  potash  by  treatment  with  a 
*  Report  Connecticut  Board  of  Agriculture,  1868,  p.  217. 
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potash  salt  It  is  noteworthy  in  this  connection  that  the  price  of  salt- 
petre itself  (nitrate  of  potash)  has  undergone  a  great  redaction  of  late 
years,  thanks  to  the  production  of  enormous  quantities  of  cheap  chloride 
of  potassium  at  Stassfurt,  and  to  the  facility  with  which  saltpetre  may 
he  made  from  that  salt  and  the  nitrate  of  soda  from  Peru.  Thus,  at  the 
present  time  (November,  1875),  crude  saltpetre  is  quoted  at  5}  to  6)- 
cents  gold,  or  about  seven  cents,  currency,  per  pound  in  Boston ;  and, 
although  this  price  is  still  too  high  to  admit  of  the  saltpetre  itself  being 
used  as  a  manure,  it  is  nevertheless  evident  that,  as  prices  now  go, 
the  saltpetre  waste  of  the  gunpowder  makers  will  henceforth  probably 
be  more  valuable  as  a  fertilizer  than  it  was  in  the  days  when  saltpetre 
was  comparatively  speaking  a  costly  salt.  With  saltpetre  as  cheap  as 
it  now  is,  a  refiner  operating  on  the  small  scale  could  hardly  afford  to 
be  as  careful  to  save  saltpetre  in  his  processes  of  crystallization  as  he 
once  was.  He  would  be  justified  in  leaving  a  considerably  larger  pro* 
portion  of  potash  and  of  nitric  acid  in  the  '^  waste  "  nowadays  than 
formerly. 

That  saltpetre  itself,  at  the  price  just  stated,  cannot  economically  be 
used  as  manure  will  appear  from  the  following  considerations.  If  we 
admit  that  the  crude  salt  contains  90^  of  pure  nitrate  of  potash,  as 
it  often  very  nearly  does,  then  every  hundred  pounds  of  the  crude 
article  would  represent  42  lbs.  of  real  potash  and  nearly  12^  lbs.  of 
nitrogen.  But  real  potash  can  be  got  at  five  cents  per  pound  at  the 
present  time  in  the  form  of  muriate  of  potash,  and  the  nitrogen  in 
nitrate  of  soda  costs  about  20  cents*  per  pound,  if  we  allow  15^  of 
nitrogen  in  the  crude  nitrate  of  soda,  which  can  be  bought  at  pres- 
ent for  a  trifle  more  than  three  cents  per  pound  currency.  Hence 
it  appears  that  the  intrinsic  value  to  the  fiu^mer  of  a  hundred  pounds 
of  the  crude  saltpetre  is  only  $4.60,  while  it  would  cost  him  $7.00. 

The  beneficial  action  both  of  saltpetre-waste  and  of  saltpetre  itself 
(nitrate  of  potash)  on  soils  in  this  vicinity  has  been  well  illustrated  by 

*  While  nitrogen  in  the  form  of  nitrate  of  soda  can  be  obtained  at  so  cheap  a 
rate,  the  fanner  should  be  upon  his  guard  not  to  pay  a  disproportionate  price  for 
nitrogen  that  he  may  wish  to  buy  in  some  other  form.  While  the  price  of  nitrate 
of  soda  is  thus  reduced,  the  price  of  various  other  nitrogenous  manures,  such  as 
meat-dust  and  the  dried  retUse  of  slaughter-houses,  should  by  good  rights  fall  also. 
It  is  to  be  observed  that  the  calculations  of  the  values  of  certain  nitrogenous 
manures  giTen  on  pages  17, 18  of  this  Bulletin  were  based  upon  a  much  higher 
value  for  the  pound  of  nitrogen  than  can  be  admitted  at  the  present  time. 

VOL.  I.  49 
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the  experiments  cited  by  Mr.  Colman,  in  his  '*  Fourth  Report  of  the 
Agriculture  of  Massachusetts,"  Boston,  1841,  pp.  8o4--dd9. 

VI.  A  sample  of  the  so-called  *'  Slurry  "  of  the  flint-glass  makers, 
obtained  from  the  works  of  the  New  England  Glass  Company  at  East 
Cambridge  in  the  spring  of  1875. 

In  order  to  avoid  all  risk  of  impurity  in  the  carbonate  of  potash  used 
for  making  the  better  kinds  of  glass,  it  is  customary  in  this  country  to 
purify  pearlash  at  the  glass  works.  In  the  process  of  purification  the 
less  soluble  part  of  the  pearlash  is  excluded  as  a  waste  product,  which 
consists  of  sulphate  of  potash  for  the  most  part,  and  which  may  be 
obtained  at  glass  works,  as  the  so-called  slurry.  This  slurry  is  a  fine 
white  powder,  or  rather  salve,  for  the  powder  bein^  saturated  with 
mother-liquor  that  contains  carbonate  of  potash  is  thereby  made  moist, 
slimy,  and  coherent  The  slurry  is  of  interest  to  the  farmer,  since  it 
offers  him  one  source  of  high-grade  sulphate  of  potash.  It  has  in  fact 
long  been  used  as  such  by  the  manufacturers  of  alum.  That  it  is  a 
powerful  manure  of  special  value  upon  our  poor  New  England  soils 
was  shown  long  ago  by  the  field  experiments  of  Mr.  Deming  Jarves 
and  others,  at  Sandwich,  reported  by  Mr.  Colman,  in  his  ^Fourth 
Report  of  the  Agriculture  of  Massachusetts,"  Boston,  1841,  pp.  344, 
345.  Mr.  Jarves  insists  upon  the  importance  of  mixing  the  material 
thoroughly  with  earth  before  applying  it  to  the  land,  since  from  its 
unctuous  character  it  is  apt  to  lie  in  lumps,  and  do  more  harm  than 
good.  He  used  ten  horse-cart  loads  of  loam  for  each  barrel  of  the 
slurry.  The  sample  in  question,  which  was  actually  wet  and  undrained, 
contained,  — 

Moisture 18.415^ 

Silicic  acid 27 

Sulphuric  acid 30.55 

Real  potash  (KjO) 4 1.59 

Phosphoric  acid a  trace 

Or,  in  terms  of  saline  combinations  :  — 

« 

Sulphate  of  potash 66.53^ 

Carbonate  of  potash 11.16 

The  sample  contained  some  chlorine  and  a  little  lime  and  alumina, 
but  no  soda,  or  as  good  as  none ;  on  testing  it  with  a  standard  acid 
there  was  found  as  much  alkali  as  would  amount  to  12.82^,  in  terms 
of  pure  dry  carbonate  of  potash. 
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VII.  A  artmple  of  ashes  from  the  husk  of  cotton  seed,  obtained  in  the 
spring  of  1872  from  W.  H.  Chessman,  dealer  in  potashes,  of  Boston. 
The  ashes  in  question  had  been  brought  from  the  South,  as  an  experi- 
ment They  were  said  to  have  come  from  a  mana£Gu;tory  where  the  husks 
of  cotton  seed  were  used  as  fuel  under  a  steam  boiler.  It  was  believed 
that  in  case  there  were  a  demand  for  such  ashes  they  could  be  procured 
cheaply  enough  to  admit  of  their  being  sold  at  that  time  in  Boston  for 
$25  per  ton.    Analyses  of  two  separate  portions  of  the  sample  gave 

the  following  results :  — 

A.  B. 

Phosphoric  acid 9.10%  9.97 

Potash  (K2O) 14.11 

Sand  and  charcoal  insoluble  in  acids    .     .     .    21.41  15.63 

In  a  lye  obtained  by  leaching  these  ashes  with  water  there  was  found 
as  much  alkali  as  would  amount  to  12.29%  of  the  ashes,  on  the  assump- 
tion that  the  whole  of  the  alkali  was  in  the  form  of  pure  dry  carbonate 
of  potash. 

Such  ashes  would  be  worth  more  than  $25  per  ton  in  Boston  at  the 
present  time,  even  if  the  worth  of  the  phosphoric  acid  be  estimated  as 
low  as  six  cents  per  pound,  and  no  account  be  taken  of  the  ^'  alkali- 
power."  But  in  estimating  the  value  of  ashes  it  is  unfair  to  rely  solely 
upon  the  amounts  of  potash  and  phosphoric  acid  that  are  contained  in 
them,  for  the  alkalinity  of  the  ashes  is  an  important  consideration  even 
from  the  farmer's  point  of  view.  The  fact  that  wood-ashes  can  act  as  an 
alkali,  that  is  to  say  can  bring  to  pass  certain  chemical  changes  and  de- 
compositions such  as  the  alkalies  produce,  but  which  neutral  potash  salts, 
like  the  sulphate  and  the  muriate,  taken  by  themselves,  cannot  effect, 
is  a  power  which  the  farmer  should  neither  lose  sight  of  nor  neglect. 

It  has  long  been  known  that  wood-ashes  are  particularly  well  adapted 
for  composting  peat  and  other  organic  matters,  and  there  can  be  no 
question  that  the  efllciency  of  the  ashes  in  this  regard  depends  upon 
their  alkalinity,  especially  since  Angus  Smith  *  has  shown  that  if  a  soil 
rich  in  organic  matter  be  made  alkaline,  as  well  as  moist  and  warm, 
putrefactive  decomposition  may  shortly  set  in.  When  a  certain  pro- 
portion t  of  wood-ashes,  or  of  lye  obtained  by  leaching  wood-ashes,  or 

•  Johnson's  "  How  Crops  Feed,"  New  York,  1870,  p.  286. 

t  One  common  rule  among  practical  men  is  12  bushels  of  ashes  to  100 
bushels  of  peat. 

For  the  action  of  alkalies  upon  peat  and  loam,  see  fiirther  pages  280,  281  of 
this  Bulledn. 
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of  a  solution  of  one  of  the  cheap  kinds  of  commercial  potashes  that  are 
prepared  from  ashes,  is  mixed  with  peat,  loam,  sods,  weeds,  leaves, 
straw,  twigs,  or  almost  any  kind  of  organic  matter,  the  latter  quickly 
undergo  change,  provided  the  mixture  is  duly  moistened  and  kept  in  a 
moderately  warm  place,  liy  the  changes  thus  induced,  peat  and  many 
other  substances  which,  considered  as  fertilizing  agents,  are  compara- 
tively  inert  and  slow  of  action  when  in  their  natural  or  crude  state,  and 
which  if  left  to  themselves  would  resist  decay  for  a  long  time,  are  soon 
converted  to  more  or  less  powerful  manures  that  are  held  in  high 
estimation  by  practical  men.  Not  only  is  the  structure  or  oi^nizadon 
of  the  peat  or  leaves  or  twigs  destroyed  by  the  action  of  the  alkali, 
and  by  virtue  of  the  fermentation  which  it  induces,  but  the  nitrogenized 
constituents  of  the  inert  organic  matters  undergo  such  changes  that  a 
good  part  of  them  are  made  immediately  available  for  the  use  of  grow- 
ing crops.  But  since  the  ashes  themselves  contain  a  good  store  of 
potash  and  phosphoric  acid  it  follows  that  a  compost  properly  prepared 
by  means  of  ashes  must  be  a  complete  manure,  competent  to  supply 
plants  abundantly  with  all  those  kinds  of  food  that  are  not  likely  to  be 
met  with  in  every  agricultural  soil. 

There  are  of  course,  besides  the  alkali  in  wood-ashes,  various  other 
agents  competent  to  bring  about  the  fermentations  and  some  of  the 
other  changes  upon  which  the  production  of  compost  depends.  Dung, 
and  urine,  fish,  fiesh,  and  offal,  are  all  efficient  agents,  and  so  are  guano, 
soda  ash,  lime,  and  mixtures  of  lime  and  salt ;  but  there  are  few  things 
applicable  to  this  purpose  that  are  at  once  so  powerful,  so  manageable, 
and  so  intrinsically  useful  as  ashes.  When  used  in  this  way  they  lose 
none  of  their  power  of  feeding  plants  directly  which  is  due  to  the  pot- 
ash and  the  phosphoric  acid  contained  in  them.  Of  course,  any  risk  of 
harm  that  might  arise  from  the  injudicious  application  of  ashes  directly 
to  a  field  crop,  whether  in  too  large  quantity  or  at  an  inopportune  season, 
would  be  avoided  by  composting  the  ashes,  since  the  same  corrosive 
power  that  might  injure  the  crop  would  be  expended  or  annulled  in  the 
compost  heap.  The  tendency  of  ashes  to  injure  seeds  and  young  plants 
depends  on  the  same  cause  which  makes  the  ashes  specially  valuable 
in  the  compost  heap  as  a  means  of  destroying  the  roots  and  seeds  of 
weeds. 

It  is  well  known  that  the  amount  of  alkali-power  in  ashes  varies 
considerably  in  different  samples.     This  fisust  may  be  seen  on  inspecting 
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the  table  on  pages  207-245  of  this  Bulletin,  where  (in  column  six 
of  the  table)  are  given  a  number  of  determinations  of  the  proportion  of 
salts  soluble  in  water,  or  crude  potashes,  that  have  been  obtained  from 
the  ashes  of  different  kinds  of  woods  by  various  experimenters.  But 
since  the  figures  given  in  that  table  do  not  usually  represent  the  alkali- 
power  of  the  ashes  precisely,  but  only  give  a  more  or  less  vague  approx- 
imation to  it,  I  have  myself  had  the  actual  alkali-power  determined  in 
a  number  of  samples  of  wood-ashes  obtained  from  household  fires  here 
in  New  England.  That  is  to  say,  I  have  determined  the  power  of 
neutralizing  an  acid  that  was  possessed  by  the  solutions  (lyes)  obtained 
when  the  ashes  were  carefully  leached  with  water.  The  ashes  thus 
examined  were  the  samples  that  have  been  described  already  on  page 
191  of  this  Bulletin,  and  the  estimations  of  alkali-power  now  under 
discussion  were  made  at  the  same  time  as  the  determinations  given 
on  page  1 93.  The  results  obtained  were  as  follows :  The  alkalinity 
(column  3)  being  stated  in  terms  of  pure  dry  carbonate  of  potash 
(KA  COa). 


CO    . 

".a 


I. 
IL 

in. 

IV. 

V. 

VI. 

VIL 

IX. 

X. 

XI. 

XII. 

XIIL 


Source  whence  the  mshes 
were  derived. 


Soapboiler's  ashes 

Ditto 
Dwelling-house    . 

Ditto 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Alkali  power :  — 
100  partB  of  tlie  ashee 
contained  parts  of 
KaO.   COj,    or    Its 
equivalent. 


7.21  —  8.06 
7.86  -  8.24 
.    12.85    . 


8.66 
10.18 


12.36 


12.86 
11.53 


10.17 


15.72 

10.81 

6.53 


Per  cent  of  salts  sol- 
uble in  water,  i.e.^ 
crude  potashes. 


9.40  —  10.80 
9.63  —  8.75 
.  19  67 
.  13.67 
.  14.56 
.  14.51 
.  14.15 
.  14.52 
.  13.95 
.  16.28 
.  10.66 
.    10.75 


In  each  hundred  pounds  of  the  ashes  there  was  found  as  much  alkali 
as  would  be  equivalent  to  the  number  of  pounds  of  carbonate  of  potash 
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that  are  given  in  the  third  column  of  the  table.  For  the  sake  of  con- 
trast, I  hare  given  in  the  fourth  column  the  number  of  pounds  of  salts 
soluble  in  water,  or  ^  crude  potashes "  that  were  obtained  from  each 
of  my  samples  of  ashes.  These  figures  represent  the  amounts  of  solid 
matter  that  were  obtained  on  evaporating  measured  quantities  of  the 
lyes  and  igniting  the  dry  residues  ;  they  are  comparable  with  most  of 
the  figures  in  column  six  of  the  table  on  pages  207-245. 

It  has  been  shown  already,  on  page  387,  that  the  alkali-power  of  the 
ashes  from  husk  of  cotton  seed  was  found  to  be  12.29^  in  terms  of 
pure  carbonate  of  potash ;  that  is  to  say,  about  the  same  as  that  of 
several  o^  the  best  samples  of  wood-ashes.  The  alkali-power  of  the 
New  Bedford  prussiate  residue  was  high;  namely,  51^.  This  sub- 
stance is  doubtless  well  adapted  for  making  compost,  as  has  been 
already  suggested. 

It  is  no  very  easy  matter  to  determine  the  precise  money  value  to 
the  farmer  of  the  alkali-power  of  ashes.  In  the  lack  of  more  definite 
means  of  information,  and  taking,  one  year  with  another,  perhaps  as 
fair  a  way  as  any  of  arriving  at  an  approximate  valuation  would  be  to 
credit  the  ashes  with  the  cost  of  as  much  soda  ash  as  would  represent 
the  alkali  in  the  ashes.  Thus,  at  the  present  time  (November,  1875), 
soda  ash  containing  80^  of  pure  carbonate  of  soda  is  quoted  at  three 
cents  (currency)  per  pound  in  Boston ;  and,  in  order  to  get  as  mudi 
alkali  in  this  form  as  would  be  equivalent  to  the  10  pounds  of  carbonate 
of  potash  which  may  be  assumed  to  be  contained  on  the  average  in 
100  pounds  of  wood-ashes,  9^  pounds  of  the  soda  ash  would  be  needed. 
Hence  the  sum  of  2^  cents,  which  this  amount  of  soda  ash  would  cost, 
may  be  taken  as  the  alkali  value  of  the  100  pounds  of  wood-ashes; 
and  each  pound  of  the  carbonate  of  potash  in  the  ashes  may  be  esti- 
mated to  be  worth  $0.29  -7-  10  =  $0,029  ;  that  is  to  say,  nearly  three 
cents,  on  account  of  its  alkalinity  alone.  But  since  house  ashes  are 
held  to  weigh  48  pounds  to  the  bushel,  on  the  average,  the  alkali-worth 
of  a  bushel  of  ashes,  as  prices  now  go,  may  be  said  to  be  about  14 
cents.  Now,  from  the  averages  of  the  analyses  that  have  been  given 
on  page  193,  it  appears  that  ashes  contain  about  8^^  of  real  potash 
and  about  2^  of  phosphoric  acid;  and,  if  we  allow  five  cents  per 
pound  for  the  potash  and  six  cents  per  pound  for  the  phosphoric 
add,  there  will  be  26  cents  per  bushel  to  be  added  to  the  alkali- 
worth  (14  cents)  that  was  just  now  given.    Whence  it  appears  that 
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the  agricultural  value  of  wood-ashes  may  be  rated  at  40  cents  per 
bushel. 

Another  way  of  looking  at  the  matter  would  be  to  contrast  the  wood- 
ashes  with  our  American  potashes.  At  the  present  time  potashes  are 
quoted  in  the  Boston  newspapers  at  five  cents  per  pound.  Let  us 
assume,  for  the  sake  of  the  argument,  that  the  average  commercial 
article  has  an  alkali-power  equivalent  to  from  65  to  70^  of  pure 
carbonate  of  potash,  account  being  taken  of  both  the  caustic  and 
carbonated  potash  and  the  carbonate  of  soda  that  the  potashes  may 
contain.  "Let  it  be  admitted  furthermore  that  American  potashes 
contain  as  much  as  60^  of  real  potash  (K^O)  if  all  that  which  is 
present  in  the  form  of  sulphate  and  chloride  be  allowed  for.*  There 
would  be  then  in  a  hundred  pounds  of  the  potashes  three  dollars'  worth 
of  real  potash,  —  that  is  to  say,  as  much  real  potash  as  would  cost  the 
firmer  three  dollars  if  he  were  to  buy  it  in  the  form  of  the  neutral  salt 
muriate  of  potash  at  its  present  price,  —  and  the  cost  of  the  alkali- 
power  of  the  potashes  would  be  the  difference  between  this  sum  and 
the  price  at  which  the  potashes  are  actually  sold.  That  is  to  say,  the 
cost  of  the  hundred  pounds  of  potashes  ($5.00),  minus  the  worth  of 
the  sixty  pounds  of  real  potash  contained  in  them  ($3.00),  is  equal  to 
two  dollars,  the  cost  of  their  alkali-power. 

From  these  data  it  would  appear  that  {$2.00-^65=)  $0,031,  or 
($2.00  -7-  70=)  $0,029  may  be  allowed  for  each  pound  of  the  carbonate 
of  potash,  on  account  of  alkali-power,  accordingly  as  the  potashes  are 
rated  as  containing  65^  or  70^  of  that  substance  ;  a  result  which  is 
surprisingly  like  the  one  just  now  obtained  by  the  calculation  based  on 
the  price  of  soda  ash.  Such  calculations  are  of  course  to  be  regarded 
as  mere  rough  approximations  or  suggestions  upon  which  to  found  an 
opinion  of  the  real  value  of  ashes ;  but  they  go  to  show  that,  while  the 
price  of  80^  muriate  of  potash  is  no  lower  than  2^  cents  per  pound, 
American  potashes  at  five  cents  per  pound  may  be  classed  as  a  cheap 
manure. 

It  is  an  interesting  question,  that  needs  to  be  tested  by  experiment, 
whether  mixtures  of  the  Stassfurt  potash  salts  and  quicklime  can  be 
employed  as  advantageously  for  making  compost  as  wood-ashes,  or  as 

*  Compare  F.  Mayer,  ''American  Journal  of  Pharmacy/'  32.  132;  and 
Oriineberg,  Wagner's  "  Jahresbericht  der  chemischcn  Technoiogie/'  9«  288. 
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potashes  at  their  present  low  price.  However  that  may  be,  there  is 
little  reasou  to  doubt  but  that  the  Stassfurt  fertilizers  admixed  with 
lime  would  be  found  to  be  better  fitted  for  making  compost  than  the 
common  '^  salt  and  lime  mixture  **  which  has  been  so  much  used  in 
New  England  and  in  the  Southern  States.  The  sulphate  of  potash  in 
particular,  of  tolerably  high  grade,  would  seem  to  be  much  better  suited 
for  this  purpose  than  common  salt. 

As  is  well  known,  the  salt  and  lime  process  consists  in  slaking 
quicklime  with  brine,  and  mixing  the  slaked  lime  with  peat  or  with  the 
other  organic  matters  that  are  to  be  composted.  One  way  of  proceed- 
ing is  to  dissolve  a  quantity  of  common  salt  in  water,  and  to  slake 
the  quicklime  with  as  much  of  this  brine  as  would  bring  the  lime 
to  the  condition  of  fine  powder.  The  powdery  slaked  lime  is  then 
spread,  while  still  warm,  between  layers  of  the  peat.  The  efficiency 
of  the  salt  and  lime  mixture  doubtless  depends,  as  Professor  Johnson 
has  urged  in  his  "  Peat  and  its  Uses,"  New  York,  1866,  p.  74,  upon 
the  unequal  rates  of  diffusion  of  the  chemical  substances  which  either 
exist  originally  in  the  lime  and  salt  mixture,  or  which  may  be  formed 
from  it  under  the  conditions  that  obtain  in  the  compost  heap.  Small 
quantities  of  caustic  soda  and  chloride  of  calcium  are  doubtless  formed 
under  these  conditions,  and  are  carried  into  the  moist  peat  in  accord- 
ance with  the  laws  that  govern  the  diffusion  of  liquids.  The  peat, 
or  a  part  of  it  at  least,  is  thus  exposed  to  the  powerful  action  of  the 
soluble  alkali  soda,  and  of  the  carbonate  of  soda  into  which  the  hydrated 
soda  at  first  formed  is  soon  converted,  and  on  that  account  the  organic 
matter  undergoes  a  more  rapid  and  complete  decomposition  than  would 
be  brought  about  by  the  lime  alone.  It  is  plain,  however,  that  the  use 
of  salt  in  this  way  is  merely  a  clumsy  device  for  adding  a  small  propor- 
tion of  soluble  alkali  to  a  lime  compost  The  process  amounts  to  no 
more  than  adding  a  little  soda  ash  to  the  lime.  But  as  Graham  *  has 
been  at  pains  to  show,  in  his  researches  on  the  diffusion  of  liquids,  the 
potash  salts,  as  a  rule,  exceed  those  of  soda  in  diffusibility.  Hydrate 
of  potash  in  particular  is  an  eminently  diffusive  substance,  having 
double  the  difiusibility  of  sulphate  of  potash.  Graham  found  in  fact 
that  sulphate  of  potash  was  decomposed  to  a  marked  extent  by  lime 

•  "  Philosophical  Transactions  of  the  Royal  Society,"  London,  1850, 140, 21 ; 
1851,  pp.  484,  494.  "  Quarterly  Journal  Chemical  Society  of  London,"  1851, 
3.  pp.61-67. 
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water,  —  with  diffusion  of  hydrate  of  potash,  —  under  conditions  in 
which  neither  chloride  of  potassium  nor  chloride  of  sodium  was  sen- 
sibly decomposed  by  the  lime  water.  He  found,  furthermore,  that 
sulphate  of  lime  was  only  one-fourth  part  as  diffusive  as  hydrate  of 
potash. 

Experience  alone  can  decide  as  to  the  availability  of  the  potash 
salts  for  the  purpose  now  in  question.  It  can  be  said  only  that  the 
laboratory  experiments  of  Graham  go  to  show  that  as  regards  the 
subject  of  diffusibility,  chloride  of  potassium  (muriate  of  potash)  is  a 
somewhat  better  material  to  mix  with  lime  than  chloride  of  sodium 
(common  salt)  ;  and  that  sulphate  of  potash  is  decidedly  better  than 
muriate  of  potash.  But  since  neither  common  salt  itself  nor  the 
p'roducts  of  its  decomposition  by  lime  are  of  any  direct  use  as  plant 
food,  while  both  the  Stassfurt  salts  are  powerful  manures,  it  would 
manifestly  be  better  to  employ  one  of  the  latter  in  conjunction  with 
the  lime,  even  if  the  diffusibility  of  the  products  of  the  decomposition 
of  the  potash  salts  were  less  than  it  really  is.  Since  sulphate  of  potash 
is  less  readily  soluble  in  water  than  common  salt,  it  might  not  be  con- 
venient to  slake  the  quicklime  with  a  solution  of  it ;  but  it  is  to  be 
remembered  that  the  ordinary  process  of  slaking  the  lime  with  brine 
is  in  no  wise  essential:  the  decompositions  due  to  diffusion  would  doubt- 
less occur  if  the  lime  were  slaked  with  water  and  the  salt  were  added 
afterwards.  Hence  the  dry  sulphate  of  potash  might  be  scattered  upon 
the  slaked  lime  after  the  latter  had  beeo  strewn  upon  the  peat,  or  the 
sulphate  of  potash  might  be  dissolved  in  boiling  water,  and  the  hot 
solution  thrown  upon  the  layers  of  powdery  slaked  lime  as  they  lie 
upon  the  peat. 

A  practical  example  of  the  efficiency  of  the  mixture  of  lime  and 
sulphate  of  potash  has  been  cited  by  Peters,*  who  found  that  such  a 
mixture  did  better  than  a  mixture  of  lime  and  wood  aslies  for  decom- 
posing coarse  bones.  The  same  chemist  t  has  recommended  a  mixture 
of  Stassfurt  salt  and  lime  for  composting  moor-earth. 

It  is  an  interesting  fact  to  be  remembered  with  regard  to  the  St^\ss« 
flirt  salts,  that  it  is  not  by  their  direct  importation  alone  that  they  will 
make  available  for  Ameiican  feirmers  the  potash  of  which  so  many  of 

•  Hoffmann's  "  Jahresbericht  der  Agrikultur^^hemie,"  1866,  9.  287. 
t  Lobe's  **  Landwirthschaf tUche  Fortschritt,"  2.  29. 
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our  soils  stand  in  urgent  need.  These  German  fertilizers  will  really 
set  free  here  in  America,  for  agricultural  use,  a  large  amount  of  wood- 
ashes  that  have  hitherto  been  used  for  making  potashes  which  were 
consumed  in  the  arts.  Ever  since  the  first  settlement  of  the  country 
American  potashes  have  been  an  important  article  of  exportation. 
But  it  is  plain  that  this  exportation  must  greatly  diminish,  even  if  it 
does  not  altogether  cease,  in  view  of  the  inexhaustible  supply  of  pot- 
ash salts  that  are  readily  obtainable  at  the  German  mines,  —  not  only 
the  mines  at  Stassfurt,  but  those  in  other  localities  that  have  been 
discovered  more  recently.  Both  potashes  and  pearlashes  can  be 
readily  and  cheaply  prepared  from  the  Stassfurt  salts.  They  are  so 
prepared  already  in  large  quantities,  and  this  fact  is  doubtless  one 
main  reason  why  the  price  of  American  potashes  is  now  so  low  in  the 
home  market.  There  is  little  doubt  but  that  when  the  use  of  Uie  Ger- 
man potashes  has  once  become  tolerably  well  established  the  demand 
for  them  will  rapidly  increase,  to  the  disadvantage  of  the  Ajnerican 
article.  Any  manufactured  product  which,  like  the  German  potashes, 
is  made  from  materials  which,  besides  being  abundant  and  cheap,  are 
themselves  pure,*  or  of  definite  and  constant  composition,  can  naturally 
be  made  of  more  uniform  composition,  and  in  the  long  run  cheaper  and 
better  than  the  potash  obtained  from  wood-ashes,  which  is  a  material 
notoriously  liable  to  wide  variations  in  composition,  particularly  as 
regards  the  proportion  of  what  may  be  called  its  saline  impurities. 

As  a  matter  of  course,  it  will  take  some  time  to  oust  American  pot- 
ashes from  the  markets  of  the  world.  The  process  of  depression  will 
be  intermittent  and  gradual,  and  the  price  of  our  potashes  will  doubtless 
be  subject  to  considerable  fluctuations  for  some  years  to  come.  As 
regards  pearlash,  indeed,  which  is,  comparatively  speaking,  a  pure 
chemical  substance,  the  contest  will  be  short.  But  there  are  scores 
of  practical  receipts,  formulae,  and  processes  in  the  arts  in  which  the 
operator  is  directed  to  use  American  potashes,  and  in  which  long 
experience  has  led  him  to  believe  that  the  use  of  Ajnerican  potashes 
is  essential  to  success.  It  is  not  easy  to  eradicate  prejudices  such  as 
these,  and  it  ought  not  to  be.  But  there  can  be  no  doubt  that  they 
must  finally  give  way  to  more  intelligent  practices.     The  history  of 

*  Specially  high  grades  of  chloride  of  potassium,  containing  respectively 
95  @  96%  and  98  @  99%  of  the  pure  salt,  are  prepared  at  Stassfurt  expressly  for 
the  manufacture  of  potashes,  and  of  chlorate  and  chromate  of  potash. 
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the  chemical  arts  is  filled  with  examples  almost  precisely  similar  to 
this  one.  No  doubt  but  that  one  step  in  the  process  of  introducing 
the  German  potashes  will  be  the  £ibrication  from  them  of  imitations 
of  the  American  potashes  in  which  all  the  impurities  and  peculiarities 
of  the  latter  will  be  found  as  well  as  the  outward  appearances.  How- 
ever this  may  be,  it  remains  clear  that  wood-ashes  are  likely  to  become 
more  generally  available  for  American  fkrmers  than  they  have  ever 
been  before.  Hence  the  importance  of  considering  carefully  the  intrin- 
sic  worth  of  wood-ashes  and  the  ways  and  means  of  procuring  them. 

On  inquiry,  I  learn  from  a  prominent  Boston  dealer  in  potashes, 
that  nowhere  in  this  country  is  wood  burned  nowadays  by  potash 
makers  for  the  sake  of  its  ashes.  It  is  only  where  ashes  can  be  cheaply 
collected  by  wagons  driven  from  house  to  house  that  potashes  are  still 
made.  At  present  potashes  come  chiefiy  from  the  Western  States  and 
from  Canada ;  from  Milwaukee  in  particular,  and  from  as  far  away  as 
St.  Paul.  A  small  quantity  still  comes  from  Vermont,  and  some  from  the 
State  of  New  York.  In  Maine,  also,  potashes  are  made  at  Bangor, 
the  wood-ashes  being  collected  not  only  from  house  to  house  in  the 
vicinity  of  that  city,  but  brought  there  in  car  loads  by  railway.  Soap- 
boilers are  almost  everywhere  the  makers  of  potashes  at  the  present 
time.  Wherever  a  soap-boiler  is  established  he  collects  the  wood-ashes 
of  his  neighborhood  and  leaches  them.  In  so  far  as  there  is  a  local 
demand  for  sofl  soap  he  employs  the  potassic  lyes  for  making  such  soap, 
and  the  remainder  of  the  lye  he  boils  down  and  disposes  of  in  the  form 
of  potashes. 

When  the  price  of  American  potashes  shall  have  fidlen  to  the  point 
at  which  the  manu&cture  of  them  ceases  to  be  profitable,  or  even  before 
that  point  is  reached,  it  will  often  be  worth  the  fisirmer's  while  to  inquire 
of  the  soap-boilers  and  the  railway  companies  whether  wood-ashes  can- 
not be  brought  to  him  at  a  price  which  he  will  be  willing  to  pay.  That 
such  transportation  is  perfectly  practicable  is  shown  by  the  fact  that 
damp  leached  ashes  of  comparatively  little  real  worth  have  for  many 
years  been  a  regular  article  of  transportation  from  the  wooded 
regions  of  northern  New  York  and  the  Canadas  to  Connecticut, 
Long  Island,  and  the  New  England  seaboard.*  I  am  informed  that 
a  farmer  of  Plymouth  county  in  this  State,  who,  in  the  autumn  of 

'  *  As  described  by  Professor  Johnson,  in  his  article  on  the  yalne  of  leached 
ashes  in  "  Report  Connecticut  Board  of  Agriculture/'  1872-73,  p.  417. 
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1872,  procured  a  considerable  quantity  of  ashes  from  a  town  id 
Maine,  paid  $1.60  per  ton  for  moving  the  ashes  thirty  miles  by 
railroad  to  Portland,  and  $2.00  per  ton  for  bringing  them  from 
Portland  to  Boston,  more  than  one  hundred  miles  by  steamboat  The 
cost  of  transferring  the  ashes  from  rail  car  to  steamboat  at  Portland 
was  $0.25  per  ton.  That  is  to  say,  the  total  cost  per  ton  for  trans- 
porting the  ashes  to  Boston  was  $3.85,  or  nine  cents  per  bushel,  if  we 
allow  forty-two  bushels  of  ashes  to  the  ton.  It  is  plain  from  what  has 
been  stated  on  page  390,  as  to  the  real  value  of  ashes,  that  the  farmers 
of  this  vicinity  would  be  justified  in  paying  a  considerable  sum  per 
bushel  for  ashes  in  Maine,  so  long  as  the  costs  of  transportation  are  no 
greater  than  this. 

In  buying  ashes,  it  would  usually  be  easy  to  guard  against  the  risk 
of  adulteration  by  determining  the  specific  gravity  of  the  lye  obtained 
from  the  sample  that  may  happen  to  be  under  consideration.*  To  this 
end  put  a  definite  weight,  say  \  pound,  of  the  ashes  to  be  tested  in  a 
bottle,  together  with  a  pint  and  a  half  of  rain  water,  and  shake  the 
mixture  at  intervals  dunng  several  hours.  Then  pour  off  the  tolerably 
clear  lye,  test  it  with  a  delicate  hydrometer,  and  compare  the  result 
with  other  results  that  have  been  obtained  by  testing  in  the  same  way 
several  standard  sam[>les  of  ashes.  Since  the  substances  with  which 
wood-ashes  are  liable  to  be  adulterated;  viz.,  coal-ashes,  loam,  and 
sand,  contain  only  a  small  proportion  of  matters  that  are  soluble  in 
water,  the  specific  gravity  of  lyes  obtained  by  leaching  ashes  thus 
adulterated  would  necessarily  be  proportionately  low.  In  order  to  be 
convinced  of  this  fact,  and  to  perceive  its  true  significance,  it  would  be 
well  for  the  experimenter  to  make  and  test  a  series  of  mixtures  of  good 
wood-ashes  and  sand,  or  coal-ashes,  in  varying  proportions ;  for  exam- 
ple, one,  two,  and  three  ounces  of  the  wood-ashes,  with  enough  sand 
or  coal-ashes  in  each  instance  to  make  up  the  quarter-pound  needed 
for  the  test.  Of  course,  the  test  appli&s  with  its  full  force  only  to  dry 
ashes,  that  is  to  say  to  ashes  that  have  never  been  wet,  for  it  might  be 
possible,  though  hardly  practicable,  economically  speaking,  to  drench 
coal-ashes  or  leached  ashes  with  refuse  saline  lyes  of  one  kind  or 
another  that  would  act  upon  the  hydrometer  like  potash  lye. 

This  specific-gravity  test,  simple  though  it  be,  is  really  one  of  con- 

*  As  has  been  recently  suggested  by  Nessler.  See  Biedermann's  **  Central- 
BUtt  f  Or  Agrikuitur  Chemie/'  1874,  6.  420. 
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siderable  merit  In  certain  cases  it  may  be  decidedly  better  than  the 
ordinary  alka]imetric  test  employed  by  chemists,  as  will  appear  from 
the  following  statement.  A  quantity  of  ashes  that  had  been  formed  at 
a  manufactory  by  burning  chips  of  leached  dyewood,  at  a  very  high 
temperature,  in  a  furnace  of  peculiar  construction,  on  being  examined 
in  the  Bussey  laboratory  were  found  to  consist  of  carbonate  of  lime  for 
the  most  part,  though  they  contained  enough  quick-lime  to  amount  to 
5.4%  of  the  ashes.  Now,  although  the  amount  of  potash  (KgO)  con- 
tained in  these  ashes  was  less  than  half  of  one  per  cent,  the  clear  lye 
obtained  from  them  when  subjected  to  the  usual  alkalimetric  test 
neutralized  as  much  standard  acid  as  would  indicate  that  the  ashes 
contained  13.31%  of  pure  carbonate  of  potash.  The  lye  was  in  fact  a 
well-nigh  saturated  solution  of  caustic  lime;  and  as  the  equivalent 
weight  of  quick-lime  (28)  is  to  that  of  carbonate  of  potash  (69.11)  so 
is  5.4%  (the  per  cent  of  caustic  lime  actually  found)  to  13.31%  ; 
I.e.,  the  supposititious  percentage  of  carbonate  of  potash. 

By  mixing  a  small  proportion  of  quick-lime,  or  even  of  spent  lime 
from  gasworks,  with  coal-ashes,  it  would  be  an  easy  matter,  to  obtain 
a  dry  product  looking  a  good  deal  like  wood-ashes,  that  would  yield  a 
lye  as  alkaline  as  that  obtained  from  the  strongly  ignited  ashes  of  the 
leached  dyewood  that  have  just  been  cited.  Hence  it  is  well  to  inquire 
how  much  influence  the  solution  of  lime  would  have  upon  the  speciflc- 
gravity  test  To  determine  this  point  I  have  caused  to  be  taken  the 
specific  gravities  of  the  solutions  enumerated  in  the  following  list :  — 

Name  qf  the  »olui\(m :  ®^U5?C  t'^ 

Lime  water 1.0023 

Lime  water  saturated  with  sulphate  of  lime 1.0036 

*^  Lye ''  obtained  from  \  lb.  of  ashes  of  anthracite  and  1^- 

pints  of  rain  water 1.0004 

Lye  obtained  from  \  lb.  of  wood  ashes  (No.  VII.)  and  IJ 

pints  of  rain  water 1.0126 

Whence  it  appears  that  wood-ashes  could  readily  be  distinguished  from 
coal-ashes  that  had  been  mixed  with  lime,  although,  as  has  just  been 
shown,  the  usual  alkalimetric  test  might  be  incompetent  to  distinguish 
between  them.  It  is  true  of  course  that  if  oxalic  acid  were  used  as 
the  standard  acid,  in  testing  such  ashes,  the  formation  of  insoluble 
oxalate  of  lime  in  the  liquid  would  be  almost  sure  to  attract  the  atten- 
tion of  the  analyst,  and  put  him  upon  his  guard.  But  there  would  bo 
no  such  warning  if  the  other  common  acids  were  used. 
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No.  20.  —  On  the  Occurrence  of  Ammonia  in  Anthracite,     By 
F.  H.  Storer,  Professor  of  Agricultural  Chemistry. 

From  examinatioDS  of  Beveral  samples  of  the  coal  which  have  been 
made  in  the  Bossey  laboratory,  it  appears  that  some  soluble  compound 
of  ammonium  is  often  contained  in  Pennsylvania  anthracite,  such  as  is 
used  for  fuel  in  this  vicinity.     Thus :  — 

I.  932  grammes  of  small  fragments  of  white-ash  anthracite  (**  slack ''), 
taken  from  a  bin  in  which  coarse  furnace-coal  is  kept  at  the  Bussey  Insti- 
tution, were  percolated  with  a  litre  and  a  half  of  rain-water;  the  perco- 
late was  distilled,  and  the  distillate  tested,  with  the  utmost  care,  with 
Nessler's  reagent;*  0.021  gramme  of  ammonia  (NHs)  was  found  in  the 
1500  cc.  of  percolate.  But,  since  the  rain-water  itself  contained  0.0005 
gramme  of  ammonia  to  the  litre,  the  amount  of  ammonia  obtained  from 
the  coal  was  really  0.02025  gramme,  or  0.00217  per  cent  of  the  weight  of 
the  coal. 

n.  320  grammes  of  fine  coal  from  a  bin  at  the  Bussey  Institution,  in 
which  a  not  very  coarse  white-ash  stove-coal  is  kept,  percolated  with  two 
litres  of  rain-water  and  tested  as  before,  gave  0.0036  gramme  of  am- 
monia, or  corrected  for  the  amount  contained  in  the  rain-water,  0.0026 
gramme,  —  that  is  to  say,  0.0008  ^  of  the  weight  of  the  coal. 

III.  530  grammes  of  coal-dust  from  a  dwelling-house  in  Boston,  perco- 
lated with  two  litres  of  water  free  from  ammonia,  and  tested  as  before, 
gave  0.03  gramme  of  ammonia,  or  0.00566  ^  of  the  weight  of  the  coal. 

IV.  560  grammes  of  coal-dust,  taken  at  another  time  from  the  same 
bin  as  No.  II,  and  percolated  with  two  and  a  half  litres  of  water  free 
from  ammonia,  gaVe  on  mere  distillation  0.0025  gramme  of  ammonia,  or 
0.00045  %  of  the  weight  of  the  coal. 

y.  600  grammes  of  coal-dust,  taken  at  still  another  time  from  the 
same  bin  as  Nos.  II  and  IV,  were  percolated  with  rain-water,  and  the 
percolate  was  distilled  as  before ;  but  no  ammonia  could  be  detected  in 
the  distillate,  not  even  the  amount  that  was  known  to  be  contained  in  the 
rain-water  that  was  used.  But,  on  transferring  the  residual  liquor  to  a 
fia.sk  charged  with  milk  of  lime  that  had  just  been  boiled  to  expel  any 
trace  of  ammonia,  and  again  distilling,  an  abundance  of  ammonia  (nearly 
0.003  gramme)  came  forward,  —  that  is  to  say,  about  0.0005  C^. 

Several  small  bits  of  Ume-mortar  were  noticed  in  this  sample  of  coal- 
dust;  and  it  was  observed,  furthermore,  that  the  percolate,  though  color- 
less at  first,  soon  became  yellow  and  cloudy,  and  that,  after  a  while,  flocks 
of  some  compound  of  iron  were  deposited  from  it.     The  inference  is 

»  See  Wanklyn's  "  Water  Analysis,"  London,  1874. 
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plain,  that  tlie  coal  contained  some  soluble  salt  of  iron,  and  that  the 
ammonia  which  the  lime  set  free  had  been  previously  held  back  by  the 
acid  of  the  iron  salt.  It  must,  indeed,  often  happen  that  anthracite,  and 
especially  the  dust  of  anthracite,  is  so  highly  charged  with  sulphate  of 
iron  that  no  ammonia  can  be  expelled  from  the  coal  by  mere  boiling  with 
water.  But,  on  boiling  with  milk  of  lime,  with  the  proper  precautions, 
the  ammonia  in  the  coal  is  readily  made  manifest. 

VI.  Several  lumps  of  the  stove-coal  from  the  bin  whence  Nos.  II, 
IV,  and  V  were  taken,  having  been  ground  to  powder  in  a  drug-mill, 
10  grammes  of  the  powder  were  put  in  a  flask  with  some  water  free  from 
ammonia,  and  distilled  until  no  more  ammonia  came  forward;  0.00002 
gramme  of  ammonia  was  found  in  the  distillate,  —  that  is  to  say,  0.0002^ 
of  the  coal.  No  additional  ammonia  was  obtained  in  this  case  on  boiling 
with  milk  of  lime.  But  10  grammes  of  the  powdered  coal,  boiled  with 
alkaline  permanganate  of  potash,  gave  0.000035  gramme  of  ammonia. 

VII.  20  grammes  of  coal-dust  from  a  bin  in  my  own  dwelling-house, 
on  being  boiled  with  pure  water,  gave  0.00031  gramme  of  ammonia,  or 
0.0015  oIq  of  the  weight  of  the  coal.  An  attempt  to  boil  the  residual 
liquor  with  milk  of  lime  failed  through  the  foaming-over  of  the  liquid. 

VIII.  Selected,  clean  lumps  of  furnace-coal  from  the  bin  No.  I  were 
washed  with  water  free  from  ammonia,  and  reduced  to  a  coarse  powder: 
100  grammes  of  the  powder,  distilled  with  pure  water  in  a  flask,  gave 
0.00011  gramme  of  ammonia;  and  as  much  more  was  obtained  on  distil- 
ling the  residual  mixture  with  milk  of  lime.  The  evolution  of  the  am- 
monia from  tlie  mixture  of  lime  and  coal  was  very  slow,  and  was  not,  in 
fact,  completely  finished  when  the  experiment  was  brought  to  a  close. 
The  total  percentage  of  ammonia  found  in  this  case  was  0.00022. 

IX.  550  grampies  of  powdered  lump-coal  from  bin  No.  I,  percolated 
with  three  litres  of  pure  water,  gave  0.0018  gramme  of  ammonia,  or 
0.000327  oJq  ;  and  no  additional  ammonia  was  given  off  on  boiling  with 
milk  of  lime. 

X.  A  hard,  glassy  lump  of  coal,  very  compact  and  difficult  to  break, 
taken  from  bin  No.  I,  was  reduced  to  powder,  and  10  grammes  of  the 
powder  were  distilled  with  pure  water ;  0.00004  gramme  of  ammonia  was 
obtained,  and  an  additional  faint  trace  came  over  on  boiling  the  residue 
with  milk  of  lime.     The  per  cent  of  ammonia  in  this  case  was  0.0004. 

10  grammes  of  fine  powder  from  this  hard  lump  of  coal,  on  being 
boiled  with  an  alkaline  solution  of  permanganate  of  potash,  that  had 
been  carefully  boiled  to  expel  ammonia,  yielded  0.00008  gramme  of  am- 
monia. 

XI.  A  lump  of  coal  that  was  somewhat  rusty  upon  its  surface,  taken 
from  bin  No.  I,  was  reduced  to  powder,  and  20  grammes  of  the  powder 
were  distilled  with  pure  watex ;  0.000035  granmie  of  ammonia  was  ob- 
tained, or  0.000175  ^.  No  additional  ammonia  was  obtained  on  boiling 
with  milk  of  lime. 
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Xn.  Several  clean  himps  taken  from  a  new  supply  of  furnace-coal,  at 
the  Bussey  Institution,  were  ground  to  a  moderately  fine  powder,  and 
20  grammes  of  the  powder  were  boiled  with  milk  of  lime;  0.00004 
gramme  of  ammonia  was  obtained,  or  0.0002  oL . 

XIII.  A  quantity  of  small  fragments  of  coal  (**  slack  **),  from  the  heap 
whence  No.  XII  was  taken ,  was  sifted  through  very  fine  sieves,  and  20 
grammes  of  the  dust  were  boiled  with  milk  of  lime.  The  first  2.30  cc.  of 
distillate  contained  0.0005  gramme  of  ammonia.  On  further  distillation, 
ammonia  continued  to  come  off  slowly  and  constantly ;  0.00005  gramme 
ammonia  was  found  in  every  fifty  cubic  centimetres  of  the  distillate,  until 
six  such  portions  had  been  collected.  But  the  next  fifty  cc.  portion  of 
distillate  contained  much  less  ammonia  (0.00002  gramme),  and  the  pro- 
cess was  then  interrupted.  All  told,  there  was  found  in  this  experiment 
0.00082  gramme  of  ammonia,  or  0.0041  ^. 

On  boiling  20  grammes  of  this  coal-dust  with  alkaline  permanganate 
of  potash  and  with  milk  of  lime,  an  amount  of  ammonia  was  obtained 
that  appeared  to  be  much  larger  than  the  quantity  just  stated,  but  the 
precise  amount  was  not  determined. 

20  grammes  of  the  same  sample  of  coal  were  shaken  together  with 
500  cc.  of  pure  water,  at  intervals  during  two  days ;  and  50  cc.  of  the 
clear,  supernatant  liquid  were  then  tested  for  ammonia  by  boiling  with 
milk  of  lime.  There  was  found  0.00001  gramme,  or  0.0005  ^  of  the 
coal. 

XIV.  Several  large,  clean  lumps  of  furnace-coal,  taken  from  the  same 
heap  as  No.  XI,  after  other  loads  of  fresh  coal  had  been  mixed  with  it, 
were  broken  up,  and  a  fair  sample  of  the  fragments  was  powdei-ed  ;  20 
grammes  of  the  powder  boiled  with  milk  of  lime  gave  0.00011  gramme 
of  ammonia,  or  0.00055  ^. 

It  is  to  be  observed  that  the  coal  whence  samples  Nos.  XI  to  XIV 
were  taken  differed  from  that  of  the  other  samples  in  that  it  had  been 
mined  a  year  later.  It  was  examined,  moreover,  a  month  or  two  after 
it  had  been  mined,  instead  of  six  or  eight  months,  as  in  the  other  in- 
stances. 

Some  idea  of  the  significance  of  the  figures  above  recorded  may  be 
gained  by  contrasting  the  amounts  of  ammonia  in  anthracite  with  the 
amounts  of  ammonia  that  have  been  found  in  soils.  Thus,  while  it 
appears,  from  the  foregoing  experiments,  that  100  grammes  of  anthra- 
cite ordinarily  contain  from  0.0002  to  0.0008  or  even  0.00566  gramme 
of  ammonia,  the  experiments  of  Knop  and  Wolf,*  made  upon  five  dif- 
ferent kinds  of  soils,  show  no  more  than  from  0.00012  to  0.00087 
gramme  of  ammonia  for  100  grammes  of  anhydrous  earth. 

•  Knop'8  <'Lehrbuch  der  Agricaltur-Chemie/'  Leipzig,  1868,  3.  86. 
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The  results  obtained  from  the  anthracites  and  from  the  soils  are 
shown  in  detail  in  the  following  tables. 


JieeapitukUion  qf  the  ExperimenU  on  An- 
thracite. 
No.  of  the  Ammonia, 

Experiment.  per  oent 

1 0.00217 

II 0.00080 

IIL 0.00566 

IV 0.00045 

V 0.00050 

VI 0.00020 

VII 0.00150 

VIII 0.00022 

IX 0.00083 

X 0.00040 

XI 0.00018 

xn 0.00020 

XIU 0.00410 

XIV 0.00055 


Knop  and  Wo(f*i  Experwnent$  on  Soils, 
Kind  of  SoU. 


Ammonia^ 

per  oent 

in  dry  soil. 

Very  poor,  light,  sandy  soil    .  0.00077 

Soil  rich  in  humus   from   a 

beech  wood 0.00087 

Sandy  loam  from  hard-wood 

forest 0.00012 

Mould  from  forest  on  bank  of 

river  Elster 0.00080 

Poor,  red,  sandy  loam  from  a 

ploughed  field 0.00017 


Average 0.000546 


The  experiments  recorded  in  this  article  were  undertaken,  in  the 
first  place,  for  the  purpose  of  finding  the  source  of  the  nitrogen  in  a 
certain  sample  of  anthracite  ashes,  which  were  found  to  be  capable  of 
supplying  plants,  in  some  way,  with  a  small  amount  of  nitrogenous 
food,  as  has  been  fully  explained  on  page  62  of  this  Bulletin.  Since 
the  ashes  in  question  were  known  to  contain  many  fragments  of  un- 
burnt  anthracite  which  had  fallen  tli rough  the  grate-bars  of  the  shallow 
furnace  whence  they  came,  it  was  thought  that  possibly  some  part  of 
the  inert  nitrogen  proper  to  the  coal  might  have  been  converted  to  a 
nitrate  by  the  action  of  air  and  moisture  upon  these  unbumt  fr>agments 
in  the  pots  where  the  plants  were  grown.  But,  on  proceeding  to  test 
this  idea  by  exposing  washed  fragments  of  anthracite  to  the  air,  so 
much  ammonia  was  at  once  detected  in  the  first  washings  from  the 
coal,  that  the  proposed  experiment  was  abandoned  in  favor  of  the  tests 
which  have  been  recorded  above. 

The  proved  presence  of  ammonia  in  the  anthracite  fragments  ex- 
plains, of  course,  where  the  plants  of  page  62  got  their  small  supply 
«»f  nitrogen ;  and  on  testing  anew,  in  the  light  of  the  experience  that 
has  just  been  related,  some  ashes  similar  to  those  used  in  the  experi- 
ments of  page  62,  an  appreciable  amount  of  ammonia  was  found  in  * 
them,  especially  in  a  sample  that  contained  a  large  proportion  of  the 
unbumt  fragments  of  anthracite. 
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The  queetion  naturallj  presents  itself  whether  the  occorrence  of 
ammonia  in  anthracite  may  not  be  connected  in  some  way  with  the 
pyrites  that  so  often  occur  in  the  coal,  or  perhaps  be  dae  to  the  pres- 
ence of  ferrous  sulphate  that  has  been  formed  through  oxidation  of 
the  pyrites.     This  idea  is  in  harmony  with  the  action  of  ferrous  sul- 
phate noticed  above,  under  experiment  No.  V,  and  with  the  fact  that 
many  lignites  and  alum  shales  contain  not  only  very  considerable  quan- 
tities of  sulphate  of  iron,  but  often  a  good  deal  of  sulphate  of  ammonia 
also.*    The  fact  noticed  in  this  laboratory ,t  that  commercial  copperas 
often  contains  appreciable  traces  of  ammonia,  likewise  obtrudes  itself 
in  this  connection.     It  is  not  unlikely  that  one  or  both  of  these  sub- 
stances may  take  part  in  the  reactions  by  which  ammonia  is  formed 
upon  coal ;  but  I  am,  nevertheless,  inclined  to  believe  that  their  influ- 
ence is  a  subordinate  one  in  the  present  instance,  and  that  the  ammonia 
is  really  formed  through  the  decomposition  or  decay  of  tlie  nitrogenous 
matter  of  the  coal,  perhaps  in  the  same  way  that  the  ammonia  which 
is  found  in  the  soil  may  have  been  formed  from  the  decay  of  nitrogen- 
ous organic  matters.     Indeed,  there  is  little  reason  to  doubt  but  that 
ammonia  may  be  formed  during  the  slow  oxidation  of  organic  sub- 
stances containing  nitrogen  that  are  exposed  to  the  air.     It  is  well 
known,  for  example,  that  ammonia  is  formed  from  such  matters  by  the 
action  of  ozone,!  and  of  other  powerful  oxidizing  agents,  such  as  per- 
manganate of  potash,  and  the  like.    Ammonia,  as  well  as  nitric  acid, 
—  that  is  to  say,  nitrate  of  ammonia,  —  b  often  found  as  the  result  of 
the  oxidation  of  nitrogenous  matters  in  contact  with  moist  earth ;  and 
in  the  familiar  experiment  of  Stenhouse,  where  flesh  is  covered  with 
bone  charcoal,  a  faint  odor  of  ammonia  is  almost  always  perceptible  as 
a  resalt  of  the  process  of  oxidation. 

Although  several  of  the  forgoing  samples  of  anthradte  were  care- 
fully tested  for  nitrites  and  nitrates,  neither  of  tliese  compounds  were 
detected.  These  tests  for  nitrogen  oxides  were  applied  in  several 
ways ;  namely,  by  adding  iodo-zinc  starch  paste  to  acidulated  percolates 
from  the  coal,  both  before  and  after  the  liquids  had  been  boiled  for  a 
short  time  with  amalgamated  zinc,  or  had  been  left  standing  upon 
amalgamated  zinc  for  a  number  of  hours  at  the  ordinary  temperature ; 

•  See  Heiden's  "  Dungerlehre/'  1868,  2.  856. 

t  See  "  American  Journal  of  Science/'  December,  1875, 10,  488. 

X  Gorup-Besanes,  "Annalen  Cheniie  and  Pharmacio/'  135. 209. 
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by  distilling  a  percolate  from  the  coal  with  aoedc  acid,  both  before  and 
after  the  action  of  amalgamated  zinc,  and  testing  the  distillates  with 
iodo-zinc  starch ;  and  by  digesting  a  percolate  with  metallic  alaminum 
in  presence  of  caustic  soda,  and  distilling  the  mixture  to  obtain  any 
ammonia  that  might  have  been  formed.  Negative  results  were  ob- 
tained in  each  instance,  although  it  appeared,  from  the  results  of  other 
work  that  was  being  done  at  the  same  time,  that  the  methods  and  the 
reagents  employed  were  excellent  and  delicate. 

I  have  to  thank  my  assistant,  Mr.  D.  S.  Lewis,  for  his  careful  at- 
tention to  the  details  of  this  investigation. 
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No.  21. — On  a  Disease  of  Olive  and  Orange  Trees ^  occurring 
in  California  in  the  Spring  and  Summer  of  1875.  By  W. 
G.  Farlow,  Assistant  Professor  of  Botany  in  Harvard 
University. 

During  the  past  summer,  numerous  complaints  have  come  from 
southern  California  of  a  fungus  which  had  attacked  the  olive  and 
orange  trees,  and  which  was  causing  a  considerable  loss  of  those  two 
crops.  Our  attention  was  first  called  to  the  subject  by  Dr.  H.  W. 
Harkness,  who,  in  a  letter  from  San  Frandsco  dated  May  II,  sent  a 
specimen  of  the  fungus  on  an  orange-leaf  from  southern  California. 
Of  the  extent  of  the  ravages  of  the  fungus  at  that  date  no  information 
has  been  received ;  but,  as  in  a  letter  from  San  Diego,  dated  June  3, 
Mr.  D.  Cleveland  *  wrote  that  there  was  no  trace  of  the  fungus  in  that 
vicinity,  we  may  suppose  that  the  disease  first  appeared  not  far  from 
Santa  Barbara,  where  we  have  definite  knowledge  of  its  occurrence, 
and  where  great  damage  was  done  later  in  the  summer.  In  a  letter 
from  Dr.  George  Thurber  dated  September  20,  enclosing  some  speci- 
mens of  the  fungus,  is  the  following  from  a  correspondent  in  Santa 
Barbara :  "  We  are  troubled  with  our  olive,  lemon,  and  orange  trees. 
A  small  fungus  appears  on  the  leaves,  twigs,  and  branches,  at  first 
visible  only  with  a  microscope,  and  of  a  green  color.  As  it  increases 
in  size  it  turns  brown,  and  then  black.  The  olive  is  so  exhausted  that 
it  is  unable  to  fruit.  The  orange  and  lemon  stand  it  better,  but  their 
fruit  is  so  inferior  as  to  be  practically  worthless."  On  the  day  o^  the 
receipt  of  Dr.  Thurber's  letter,  another  was  received  from  Professor 
Dana,  also  enclosing  specimens  from  Santa  Barbara. 

From  the  general  tenor  of  letters  from  California,  it  is  evident  that, 
if  this  is  not  the  first  year  of  the  appearance  of  the  disease,  it  is,  at 
least,  the  first  in  which  it  has  attracted  general  attention ;  that  its 
effect  on  the  olive  and  orange  crops  has  not  been  slightly,  but  markedly 
injurious ;  and  that,  in  its  advanced  stages,  there  is  present  on  the 
leaves  and  stems  a  blackish  substance,  which  is  universally  regarded,  by 

*  We  are  in  receipt  of  a  letter  from  Mr.  Cleveland,  dated  early  in  Januaiy, 
1876,  in  which  he  sends  specimens  of  the  fungus  on  orange-leaves,  which,  he 
writes,  is  at  that  time  common  at  San  Diego. 
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those  who  have  formed  any  opinion  on  the  subject,  as  a  fungus.  We 
have  received,  at  different  times,  from  California  specimens  of  leaves 
and  stems  of  orange  and  olive  trees  covered  with  the  black  growth, 
and  have  been  able  to  study  the  fungus,  which  presents  some  points 
not  without  interest  in  a  botanical  point  of  view ;  and,  if  our  conclu- 
sions do  not  point  to  a  direct  remedy,  it  will  be  conceded,  we  hope, 
that  we  have  contributed  towards  removing  some  misconceptions  03 
to  the  nature  of  the  disease.  At  this  distance,  remote  from  all  oppor- 
tunities of  observing  the  disease  on  living  trees,  there  are,  of  course, 
some  points  in  the  development  of  the  fungus  which  we  have  not  been 
able  to  study ;  and  our  correspondence  has  not  been  sufficiently  ex- 
tensive or  minute  to  enable  us  to  give  any  statistics  of  the  ravages  of 
the  disease,  to  ascertain  the  climatic  or  other  changes  which  have  pre- 
ceded or  accompanied  the  breaking  out  of  the  epidemic,  or  to  decide 
whether  it  is  the  same  form  of  disease  v/hich  has  been  reported  to 
occur  in  Florida.  Our  specimens  present  Uie  disease  as  it  appears 
when  in  a  somewhat  advanced  stage,  and  after  the  leaves  and  stems 
have  become  so  changed  as  to  attract  attention. 

MYGELIU3L — The  leaves  of  the  olives  which  are  affected  by  the 
disease  are  somewhat  curled  and  shrivelled,  and  are  of  a  browner  color 
than  normal  leaves  which  have  been  gathered  but  a  few  weeks.  On 
both  surfaces  of  specimens  sent  us  are  black  spots  of  greater  or  less 
extent,  but  in  no  case  is  the  leaf  perfectly  black.  On  the  upper  sur- 
&ce  the  black  spots  are  more  numerous,  more  distinct  in  outline,  and 
harder  in  substance,  than  on  the  lower,  where  they  were  more  diffuse 
and  of  a  powdery  consistence.  The  twigs,  of  which  we  received  only 
small  specimens,  are  covered  with  spots  which  resemble  more  closely 
those  on  the  upper  than  on  the  lower  surface  of  the  leaves.  In  one 
specimen  the  spots  are  nearly  confluent,  and  the  bark  is  visible  in  only 
a  few  places.  After  the  leaves  or  stems  have  been  soaked  in  water 
for  a  short  time,  the  black  substance  can  be  scraped  off  without  the 
least  trouble,  leaving  the  bark  tolerably  clean.  The  black  substance, 
when  seen  with  a  magnifying  power  of  four  hundred  diameters,  is  found 
to  be  composed  of  the  stellate  hairs  peculiar  to  the  olive,  over  which  is 
growing  a  fungus,  to  the  dark  color  of  whose  mycelium  the  spots  owe 
their  color.  The  mycelium  is  very  variable  in  appearance.  As  a 
rule,  it  is  composed  of  moniliform  hyphae,  whose  cells  are  .006  mm. 
by  .008  mm.,  and  in  some  places  almost  spherical.     The  color  of  the 
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cell-wall  is  a  dark  or  purplish  brown,  and  in  most  of  the  cells  there  is 
a  comparatively  large-sized  oil  globule.  These  hyphse  branch  in  all 
directions,  and  the  cells  of  the  branches  grow  constantly  longer, 
narrower,  and  paler,  althoogh,  in  all  cases,  retaining  a  tinge  of 
brown.  The  relation  of  the  mycelium  to  the  stellate  hairs  and  outer 
part  of  the  twigs  and  leaves  is  clearly  seen  iu  cross  sections.  The 
hyphse  run  along  the  surface  of  the  epidermis  and  of  the  hairs,  which 
it  will  be  remembered  resemble  a  broadly-opened,  short-handled  para- 
sol. They  are  twined  closely  round  the  stems  of  the  hairs,  so  closely, 
that  the  fungus  cannot  be  removed  without  tearing  them  off.  They 
do  not  enter  into  the  cells  of  the  olive,  and  there  are  no  haustoria 
as  in  the  case  of  some  of  the  leaf  parasites  belonging  to  the  Erysiphei. 
Occasionally  there  are  little  knob-like  projections  of  the  cells  which 
seem  to  indicate  haustoria ;  but,  by  the  most  careful  examination  which 
we  have  been  able  to  make,  we  have  not  been  able  to  see  that  they 
enter  into  the  cells  of  the  stellate  hairs  or  epidermis  and  act  like 
haustoria.  The  surface  of  the  hairs  and  epidermis,  however,  seems 
covered  with  a  sticky  substance  (of  which  we  shall  have  more  to  say 
hereafter),  to  which  the  hyphse  closely  adhere.  Plate  1,  Fig.  2,  shows 
one  of  the  stellate  hairs  seen  from  below,  with  a  portion  of  the  myce- 
lium growing  upon  it. 

Various  modifications  of  the  mycelium  are  found  principally  on  that 
portion  growing  on  the  outer  part  of  the  stellate  hairs  exposed  to  the 
air.  After  reaching  a  certain  stage  of  development,  they  grow  together 
in  such  a  way  that  the  hyphse  coming  together  laterally  form  a  sort  of 
membrane,  as  shown  in  Plate  1,  Fig.  1,  d.  This  membrane  is  composed 
of  only  one  thickness  of  cells,  but  is  very  uneven  as  it  follows  and  con- 
forms to  the  inequalities  of  the  hairs.  Its  general  direction  is  parallel 
to  the  surface  of  the  leaf  or  stem  on  which  it  is  found. 

CoNiDiA.  —  The  hyphse,  at  their  free  ends,  branch  in  all  directions, 
and  bear  reproductive  bodies  of  several  kinds.  The  simplest  form  is 
that  shown  in  Plate  1,  Fig.  3,  rf,  where  the  ordinary  cells  of  the  myce- 
lium divide  by  cross  partitions  into  two  parts,  which  do  not  respectively 
grow  to  the  same  shape  as  the  mother  cell,  but  remain  together  two 
by  two,  as  shown  in  the  figure ;  the  hypha  becoming  zigzag  by  the 
alternate  lateral  displacement  of  the  pairs  of  cells,  which  finally  drop 
off  and  readily  germinate,  each  cell  producing  a  germinal  tube.  In 
other  parts  of  the  mycelium,  the  terminal  cell  of  certain  threads  di- 
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vides  by  means  of  partitions,  parallel  to  and  at  right  angles  to  the  axis 
of  the  filament,  until  a  compound  body  is  formed,  which  resembles  the 
spores  of  the  so-called  genus  Macrosporium.  These  bodies,  which  can 
only  be  described  as  irregular  conglomerations  of  cells  of  an  oval  out- 
line, are  produced  in  great  abundance,  and  average  .015  mm.  by  .025 
mm.,  but  are  often  much  larger,  though  often  smaller.  They  easily 
drop  from  their  attachments  and  germinate,  each  c^il  being  capable  of 
producing  a  germinal  tube.  Other  hyphsB,  rising  at  right  angles  to  the 
plane  of  the  membranous  portion  of  the  mycelium,  grow  more  and 
more  attenuated,  and  branch  at  the  tip ;  the  terminal  cells  divide  in 
two,  as  in  Plate  1,  Fig.  3,  c,  Ml  from  their  attachment,  and  germi- 
nate. This  last  modification  of  the  hyphse,  which  is  by  no  means  so 
common  as  the  two  previously  described,  will  be  recognized  as  cor- 
responding to  the  so-called  genus  Helminthosporium,  or  Cladosporium, 
if  we  examine  before  the  terminal  cells  have  divided.  It  is  out  of  the 
question  to  give  specific  names  to  such  forms  as  those  just  described, 
which,  since  the  publication  of  Tulasne's  "Carpologia  Fungorum," 
are  known  to  be  different  states  of  development  of  species  of  Pyre- 
nomycetes. 

Ptcnidia.  —  Besides  the  forms  already  described,  there  are  other 
bodies  of  a  more  complicated  nature.  Plate  1,  Fig.  3,  a,  a,  represents 
the  pycnidia^  which  are  quite  numerous  in  the  spots,  both  on*  the  leaves 
and  the  stems.  Their  general  shape  is  spheroidal.  They  consist  of  a 
membranous  sac  of  the  same  color  as  the  darker  parts  of  the  myce- 
lium, in  which  are  contained  the  small  bodies,  which  are  represented 
as  being  discharged  in  Fig.  3,  h.  Their  average  diameter  is  .04  mm. 
In  general  appearance,  the  pycnidia  resemble  so  closely  those  with 
which  every  one  is  familiar  in  other  Pyrenomycetes,*  that  any  further 
description  is  unnecessary. 

Stylospores.  —  In  examining  the  larger  black  spots  on  the  stems 
of  the  olive,  other  bodies  are  seen,  —  the  stylospores,  to  adopt  Tulasne's 
nomenclature.  Tliey  are  represented  in  Fig.  1,  a,  and  resemble  flasks, 
whose  long  necks  project  beyond  the  mycelium,  by  which  they  are  sur- 
rounded. They  may  be  recognized  by  the  naked  eye,  and  clearly  seen 
with  a  hand-lens,  as  the  black  projecting  necks  are  tolerably  conspicu- 
ous. To  obtain  a  good  view  of  them,  some  of  the  larger  black  spots 
must  be  picked  to  pieces,  and  the  fragments  treated  with  caustic  pot- 
ash, and  afterwards  hydrochloric  add.     The  shape  of  the  separate 
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flasks  is  quite  variable.  The  central  portion  of  Fig.  1  represents  one  of 
the  more  regular,  where,  starting  from  a  somewhat  contracted  base,  there 
is  a  regular  swelling  of  the  central  portion,  which  again  diminishes  into 
a  rather  long  neck  of  uniform  size.  In  some  cases,  the  flask,  instead  of 
being  straight^  is  flexuous  with  two  swellings,  the  upper  one  being 
smaller  than  the  lower.  Others,  still,  fork,  and  usually  one  branch  b 
much  more  obtuse  than  the  other.  The  size  of  the  flasks  varies  very 
much ;  but,  even  in  their  younger  states,  they  can  generally  be  distin- 
guished from  the  pycnidia  by  being  less  inclined  to  a  spherical  shape. 
The  height  is  as  variable  as  the  outline.  Some  of  the  smaller  are  .lo 
mm.  high;  others — and  they  are  nearer  the  average  —  are  .4  mm. 
The  wall  of  the  flasks  is  composed  of  dark-colored  cells,  which  are 
longer  in  the  direction  of  the  axis  of  the  flasks. 

In  some  cases,  the  cells,  composing  the  wall  of  the  stylospores,  grow 
outwards,  so  as  to  form  papillte;  and,  as  the  mycelium  at  the  base 
generally  sends  up  branches  around  the  flask,  it  is  only  by  a  careful 
dissection  that  the  base  can  be  clearly  seen.  At  first,  the  mouth  is 
closed,  and  there  is  a  depression  of  the  cells  at  the  centre ;  but,  later, 
they  spring  back  so  as  to  form,  round  the  open  mouth,  a  circle  of 
slightly  reflexed  teeth,  whose  tips  are  perfectly  hyaline.  The  neck  of 
the  flask  is  hollow;  but,  in  the  swollen  portion,  spores  are  borne. 
They  are  oval,  and  divided  into  four  parts  by  cross  partitions.  They 
are  not  contained  in  asci,  but  are  attached  to  short  filaments  which 
line  the  surface  of  the  base  and  lower  portion  of  the  sides  of  the  flask. 
They  escape  readily  through  the  open  mouth ;  and  slight  pressure  on 
the  covering-glass  generally  causes  a  fresh  discharge. 

So  far,  we  have  spoken  of  ihe  fungus  as  seen  on  the  olive.  The 
orange-leaves  sent  us  are  also  covered  with  a  black  substance,  which 
is  not  so  much  in  spots  as  in  powdery  sheets  upon  both  surfaces  of  the 
leaves,  more  particularly  the  upper.  The  attachment  to  the  leaf  is  by 
no  means  as  strong  as  in  the  olive ;  and  the  deposit  can  easily  be 
scraped  off,  even  without  previous  moistening.  In  fact,  in  some  places 
it  falls  off  on  the  slightest  touch.  No  specimens  of  diseased  orange- 
stems  were  received  for  examination.  A  microscopic  examination 
shows  why  the  deposit  was  more  easily  removed  from  the  orange  than 
the  olive  leaves.  The  smooth  surface  of  the  former  gives  no  perma- 
nent attachment  to  the  fungus,  which,  as  we  have  before  said,  does  not 
penetrate  into  the  interior  of  the  cells  of  the  mother  plant ;  while,  oo 
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the  other  baud,  the  hjph»  wind  themselves  tightlj  around  the  stalks 
of  the  stellate  hairs  of  the  olive,  from  which  they  cannot  be  removed. 
If  the  fungus  should  attack  both  oranges  and  olives,  it  is  very  evident 
why  the  latter  would  suffer  much  more  than  the  former.  Apart  from 
the  absence  of  hairs,  which  invariably  constitute  a  large  proportion 
of  the  scrapings  of  the  olive-leaves,  that  from  the  orange-leaves  is  pre- 
cisely identical,  —  the  same  moniliform  hyphse,  bearing  Macrosporium 
and  Helmiuthosporium  spore-like  bodies,  the  same  pycnidia  and  stylo- 
spores.  Micrometric  measurements  only  confirm  the  identity.  On 
the  orange-leaves  sent  me,  there  is  a  greater  proportion  of  pycnidia, 
and  a  smaller  proportion  of  stylospores,  than  in  case  of  the  olive- 
leaves  ;  but  that  is,  of  course,  an  accidental  difference,  as  the  olive- 
leaves  themselves  vary.  On  the  orange,  the  proportion  of  Helmintho- 
sporium-like  spores  b  much  greater  than  on  the  olive :  but,  from  the 
facility  with  which  the  so-called  secondary  forms  of  fruit  are  produced 
in  fimgi,  and  their  great  variability,  that  is  not  a  fact  of  any  impor- 
tance ;  and  we  can  in  the  most  decided  manner  affirm  that  the  fungus 
is  the  same  on  both  plants. 

The  first  account  of  a  fungus  growing  upon  orange-trees,  resembling 
in  its  habits  that  received  from  California,  was  given  by  Persoon, 
in  his  Mycologia  Europeea,  p.  10,  published  in  1822.  His  descrip- 
tion of  the  new  fuugus  is  very  briefly  given  in  the  following  words : 
**  Fumago  Citri,  late  eifusa  crassiuscula  nigro-grisea.  Provenit  in  Eu- 
ropa  meridionali  ad  folia  Citri  Medicae,  quas  ssepe  tota  induit/'  Later, 
Turpin  published  an  account,  with  a  figure,  of  a  species  which  he 
also  called  Fumago  Citri,  which  Montague  made  the  type  of  a  new 
genus,  Capnodium,  published  in  the  Annales  des  Sciences  Naturelles, 
3  serie,  tome  11, 1849.  Montagne  seems  to  have  had  doubts  as  to  the 
identity  of  the  Fumago  Citri  of  Persoon  with  that  of  Turpin.  Al- 
most simultaneously  with  the  publication  by  Montagne  of  his  genus 
Capnodium,  Berkeley  and  Desmazieres  published,  in  the  Journal  of 
the  Horticultural  Society  of  London,  vol.  iv.  p.  252,  an  article  "  On 
some  Moulds  referred  by  Authors  to  Fumago."  In  this  communica- 
tion, there  is  the  following  description  of  the  orange  fungus  briefly 
referred  to  by  Persoon  and  Montagne :  "  Capnodium  Citri,  Berk,  and 
Desm.  Sparsum,  setosum  ;  peridiis  elongatis ;  mycelio  ramoso  moni- 
lifbrmi  pulcherrime  reticulato ;  sporidiis  oblongis  minutis.  Fumago 
Citri,  Pers.,  Myc  Eur.,  vol.  i.  p.  10;  Turpin  1.  c  On  leaves  of  dif- 
ferent species  of  Citrus.     France :  Persoon,  LeveilM." 

YOL.  I.  62 
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Of  fiingi  occurring  on  oliTO-trees,  we  have  an  early  account  by 
Montagne  in  the  Annales  des  Sciences  Natureiles,  3  s^rie,  tome  12, 
1849,  of  a  fungus  mentioned  in  the  "  Bull.  Soc.  centr.  d'agric.,"  2  s^rie, 
iv.  p.  267,  under  the  name  of  Antennaria  elasophila,  which  had  been 
found  at  Perpignan  in  1829,  which  caused  ravages  somewhat  the  same 
as  the  California  fungus,  and  which  had  previously  been  referred  by 
him  to  Qadosporium  Fumago.  It  was  probably  the  same  plant  as  the 
Torula  Olem  of  Castagne.  Tulasne,  however,  in  the  ^'  Carpologia 
FuDgorum,*'  vol.  ii.  p.  279,  showed  that  the  Friesian  genus  Antennaria 
was  the  pycnidial  state  of  species  of  fungi  of  which  Capnodium  was 
the  ascigerous  state.  He  restored  the  old  name,  Fumago,  and  gave  a 
detailed  account  of  Fumago  salicina,  which  was  illustrated  in  his  un* 
rivalled  manner. 

The  fungus  from  California  is  evidently  the  same  as  that  which  has 
been  known  in  Europe  since  1829.  We  have  examined  two  authen- 
tic  specimens  of  Antennaria  elaeophila  Mont.,  —  one  from  the  Duby 
Herbarium,  the  other  from  that  of  De  Notaris,  —  and  the  structure  is 
precisely  that  of  the  pycnidial -bearing  portion  of  the  Calilbmia  fungus. 
The  stylospore-bearing  portion  of  our  fungus  is  the  Capnodium  Citri 
of  Berkeley  and  Desmazieres,  to  which  they  refer  the  Fumago  Citri 
of  Persoon  and  Turpin.  Montagne  had  observed  only  the  pycnidial 
form  —  his  Antennaria  elaaophila — on  olives ;  whereas,  on  the  orange, 
he  found  only  the  stylospore  form,  —  his  Capnodium  Citri.  Berkeley 
and  Desmazieres  make  mention  only  of  stylospores  on  species  of  Gt- 
rus.  We  have  been  so  fortunate  as  to  find,  on  the  specimens  from 
California,  both  pycnidia  and  stylospores,  and  on  both  olives  and 
oranges,  —  which  proves  the  identity  of  Antennaria  elseophila  (Mont.) 
and  Capnodium  Citri  (Berk,  and  Desm.).  The  perfect  ascigerous 
state  of  the  fungus  we  have  not  found ;  nor  do  Berkeley  and  Desma- 
zieres seem  to  have  met  with  it,  for  they  add  to  their  description, 
*<  asci  have  not  been  observed."  We  have  not  been  able  to  find  any 
recorded  instance  of  asci  having  been  found  in  Capnodium  CitrL 
Tulasne  remarks,  —  quite  pertinently,  as  it  seems  to  us,  —  that,  until 
better  known,  Capnodium  Citri  and  Antennaria  elsdophila  can  scarcely 
be  considered  distinct  from  Fumago  salicina.*    The  ^ecimens  from 

*  ''  Doneo  tnelias  cogno8cantur,  a  Fumagine  salidcola  snpra  descripta  mgn 
etiam  discriminantur,  nUi  sede  sibi  singulis  assaeta,  tum  Fumago  Citri,  Persoooio 
sea  Capnodium  Citri  Montanio;  tum  etiam  Antennaria  elcoophila,  Montanio/'  &0. 
(Selecta  Fungorum  Carpologia,  pp.  283,  284.) 
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GUi^Miila  oertainlj  seem  to  strengtheD  Tulasne's  saspicions ;  and  we 
must  confess  ourselves  quite  unable  to  distinguish  between  Fumago 
salicina — found  on  willows,  oaks,  birches,  hawthorn,  quince,  and  pear 
—  and  Capnodium  Citri,  found  on  oranges,  and,  as  the  Califomian  speci- 
mens show,  also  on  olives.  If  it  be  said  that  no  asci  have  been  seen 
by  us,  that  is  no  reason  why  the  fungus  should  be  removed  from  Fu- 
mago salicina,  which,  in  the  conformation  of  its  mycelium,  its  conidia, 
pycnidia,  apd  stylospores,  it  most  closely  resembles.  Evidently,  in 
the  group  of  fungi  which  we  are  considering,  too  much  stress  must  not 
be  laid  on  the  length  and  shape  of  the  stylospores.  We  see,  in  the 
specimens  before  us,  how  great  is  the  variation  in  what  is  undoubtedly 
a  single  species. \  Neither  is  the  fact  of  the  branching  of  the  stylo- 
spores very  significant,  as,  in  the  present  case,  there  are  both  simple 
and  branching  stylospores.  If  the  reader  will  compare  our  Plate  I, 
Fig.  1,  with  that  of  Fumago  salicina,  by  Tulasne,  ^  Carp.  Fung.," 
Plate  XXXIV.,  Figs.  14  and  20,  —  leaving  out  of  sight,  as  far  as 
possible,  the  different  artistic  merits  of  the  two,  —  we  think  he  will 
admit,  that,  in  all  essential  particulars,  they  are  alike.  In  reality,  the 
resemblance  is  even  greater  than  the  limited  size  of  our  drawing  would 
indicate.  We  have  said  that  we  found  no  asci ;  but  Plate  I,  Fig.  1,  c, 
would  seem  to  be  the  early  stage  figured  by  Tulasne,  1.  c.,  Fig.  20. 
The  asci  will  probably  be  found  in  California ;  and  we  do  not  doubt 
that  they  and  their  contained  spores  will  prove  to  be  like  those  of 
Fumago  salicina. 

If  we  seem  to  the  reader  to  have  gone  too  minutely  into  the  con- 
sideration of  the  systematic  position  of  the  fungus,  it  was  for  the  pur- 
pose of  bringing  out  more  forcibly  the  fact  that  it  is  nothing  new,  or 
peculiar  to  California ;  and  that  it  is  not  even  limited  to  orange,  lemon, 
and  olive  trees,  but,  as  we  have  seen,  is  found  on  a  number  of  other 
trees.  How  does  it  happen,  then,  that  a  fungus  so  widely  diffused 
should  suddenly  increase  to  such  an  extent  as  to  injure  two  important 
crops  ?  We  remarked,  in  passing,  that  the  hyphsB  seemed  to  be,  as  it 
were,  gummed  to  the  stellate  hairs,  and,  in  some  cases,  to  one  an- 
other, by  a  sticky  substance.  We  do  not  forget,  that,  when  any  myce- 
lium is  growing  on  a  lea^  a  certain  amount  of  dirt  —  including,  of 
course,  some  oily  matter  —  is  sure  to  be  entangled  in  its  meshes.  In 
the  case  of  the  present  fungus,  however,  there  is  something  more  than 
an  accidental  accretion  of  such  substances.     The  surface  of  the  leaves 
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and  stems  is  in  many  places  covered  with  a  gummy  deposit,  presum- 
ably of  insect,  certainly  not  of  fungus,  origin.  On  this  gum,  the  fun- 
gus grows  luxuriantly ;  and,  although  it  may  be  found  on  those  parts 
of  the  leaves  where  no  gum  can  be  seen,  yet  it  is  evident  that  it  has 
reached  such  places  by  growing  from  the  gununy  spots.  Of  the  origin 
of  the  gum,  other  than  that  it  does  not  come  from  the  fungus,  we  have 
no  theory  of  our  own  to  advance.  Remains  of  insects  are  abundant 
on  the  leaves  ;  but,  being  entirely  ignorant  of  entomology,  we  cannot 
say  what  their  relation  is  to  the  diseased  trees.  It  may  be  that  they 
are  stray  visitors  caught  in  the  gum.  The  fungus  grows  most  luxuri- 
antly on  the  remains  of  insects  which  I  havA  seen,  which,  in  some 
cases,  present  a  ludicrous  spectacle,  the  hyphse  projecting  from  them 
like  the  quills  of  a  hedgehog. 

It  has  often-  been  asserted  by  botanists  that  fungi,  of  the  group  to 
which  ours  belongs,  are  particularly  inclined  to  attack  trees  which 
have  been  previously  infested  with  insects.  In  1849,  Berkeley,  in  the 
London  Journal  of  Horticulture,  described  a  fungus  occurring  in 
Ceylon  on  coffee,  —  Triposporium  Gkuxlneri,  —  which  followed  the  ap- 
pearance of  a  species  of  coccus  which  was  described  in  the  same  jour- 
nal by  Mr.  George  Grardner.  In  their  paper  on  moulds  referred  to 
Fumago,  Berkeley  and  Desroazieres  make  the  following  statement: 
"  They  are  often,  if  not  always,  preceded  by  honey -dew,  wheth^ 
arising  from  aphides,  or  from  a  sugary  excretion  from  the  leaves 
themselves.  Frequently,  too,  they  are  accompanied  by  some  species 
of  coccus,  especially  in  the  genus  Citrus."  Tulasne  *  does  not  agree 
with  the  writers  just  mentioned,  as  will  be  seen  by  the  reference.  He 
begins  his  description  of  Fumago  saliclna,  however,  with  the  follow- 
ing words :  ^*  Initio  fungillus  e  membranula  constat  tenuissima,  alba 
et  hyalina,  matricique  vivse  instar  gummi  soluti  illitus  hteret,  quamvis 

*  Quibusdam  observatoribus  visum  est  Famagines  in  fructicibus  potissimum 
provenire  quos  aphides  primum  occupassent,  tamquam  si  ex  humore  dulci  quem 
bestiolae  istae  emittunt,  aut  ex  latiee  viscido  quem  matrix  ab  iis  Isesa  copiosum 
aliquando  stillat,  suuin  pabulum  traberent;  necessitates  autem  hi^'us  modi 
duplici  de  causa  minime  verisimiles  censemus.  Hinc  enim  sexcenties  nobis  con- 
tigit  Famagines  luxuriantes  videre  in  arboribus,  omnis  apbidum  generis  prorsus 
expertibus ;  illinc  Fumagines  vere  parasitari  constat,  succis  scilicet  alienis  uti  ex 
his  vivis.  Super  hoc  argumento  confcras  tamen  quae  attulit  Berkelaeus  in  tomo 
iv.  (1849)  Ephemeridis  Soc  Hortic.  Londinensium,  nee  non  Georgio  Gardner 
commentatiunculam  ibidem  (pp.  1-6)  editam  circa  the  Coflee-bug  and  Coffee- 
mildew.    (Carp.  Fung.)  ii.  p.  280.) 
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ab  eadem,  maxime  si  fortuito  ea  aruerit,  frustulatim  aliquando  secedat. 
Id  cuticalas  struaut  utriculi,  perezigui,  .  .  •  oleo  pallido  tandem  re- 
pleti,"  &c.  This  iQidal  stage  described  by  Tulasne  b  figured  in  Table 
XXXIV.,  Fig.  2,  mm.,  I.  c.  We  must  confess  that  the  expression, 
*^  matricique  vivae  instar  gummi  soluti  illitus  hseret,"  seems  a  little 
indefinite,  but  the  figure  looks  exceedingly  like  a  collection  of  oil- 
globules,  or  very  small  eggs.  We  do  not  pretend  to  say  that  what 
Tulasne  saw  was  not  a  membrane  of  vegetable  substance,  —  a  part  of 
the  fungus  itself;  but,  in  the  Californian  specimens,  we  had  some- 
thing which  looked  very  much  like  the  mm.  of  Tulasne*s  figure,  and, 
in  this  case,  we  have  satisfied  ourselves,  by  observation  and  experiment, 
that  it  is  of  animal  nature,  and  not  a  part  of  the  fungus,  which,  in- 
stead, was  growing  upon  it  It  is  a  little  difficult  to  understand,  from 
what  is  already  known  of  the  development  of  fungi,  how  any  fungus 
could  begin  as  a  very  thin  membrane,  composed  of  small  cells  filled 
with  oil.  The  initial  stage  of  fungi,  if  we  except  the  Myxomycetes, 
as  far  as  we  know,  is  filamentous,  not  membranous. 

The  result  of  our  examination  of  the  diseased  orange  and  olive 
leaves  is  briefiy  as  follows :  The  disease,  although  first  attracting  the 
eye  by  the  presence  of  a  black  fungus,  is  not  caused  by  it,  but  rather 
by  the  attack  of  some  insect,  which  itself  deposits  some  gummy  sub- 
stance  on  the  leaves  and  bark,  or  so  wounds  the  tree  as  to  cause  some 
sticky  exudation,  on  which  the  fungus  especially  thrives.  It  is  not 
denied  that  the  growth  of  the  fungus  greatly  aggravates  the  trouble 
already  existing,  by  so  encasing  the  leaves  as  to  prevent  the  action  of 
the  sunlight :  we  only  say,  that,  in  seeking  a  remedy,  we  are  to  look 
further  back  than  the  fungus  itself,  —  to  the  insect,  or  whatever  it  may 
be,  which  has  made  the  luxuriant  growth  of  the  fungus  possible. 
With  regard  to  the  fungus,  we  are  able  to  assert  that  it  is  the  same 
on  both  olives  and  oranges,  —  the  species  described  by  Berkeley  and 
Desmazieres  under  the  name  of  Capnodium  Citri^  which  seems  to  us, 
together  with  the  pycnidial  state  described  by  Montague  under  the 
name  of  Antennana  elaophila,  to  be  but  two  states  of  a  species  iden- 
tical with  that  described  by  Tulasne  as  Fumago  salicina.  It  remains 
yet  to  find  the  asci  on  olives  or  oranges,  which  will  probably  be  ac- 
complislied  without  difficulty  in  California.  The  earliest  stages  of  the 
fungus  should  be  studied  by  some  one  living  near  orange-groves ;  for, 
although  the  disease  has  been  known  to  attack  greenhouse  plants,  it  is 
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DOt  very  common,  or,  in  that  case,  so  Bsivorable  for  stodj.  Especially 
is  it  to  be  desired  that  careful  notes  of  the  extent  and  manner  of  ap- 
pearance of  the  disease,  and  the  climatic  and  hjgrometric  conditions 
attending  it,  should  be  carefully  recorded. 

As  a  remedy,  alkaline  soaps,  as  strong  as  the  trees  will  bear,  will 
no  doubt  prove  advantageous  in  case  of  the  oranges  ;  but,  in  the  case 
of  the  olives,  much  less  good  is  to  be  expected^  owing  to  the  presence 
of  the  stellate  hairs  on  leaves  and  twigs.  With  this,  oar  notice  of  the 
disease  from  a  botanical  stand-point  ends ;  and  we  commeod  the  sub- 
ject to  the  attention  of  entomologists. 
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No.  22.  —  Oa  the  American  Chape"  Vine  Mildew.  By  W.  G. 
Farlow,  Assistant  Professor  of  Botany  in  Harvard 
University. 

There  are,  probably,  no  plants  io  general  cultivation  in  this  country 
I  which  are  attacked  by  a  greater  number  of  fungi,  or  rather  by  fungi 
to  which  a  greater  number  of  names  has  been  given,  than  the  different 
species  of  grapes.  We  have  under  cultivation  not  only  our  native 
species  of  Vitis  with  the  fungi  peculiar  to  them,  but  also  the  imported 
varieties  of  Vitb  vinifera,  accompanied,  also,  by  their  own  special  mala- 
dies. In  his  List  of  the  Plants  of  North  Carolina,  Curtis  enumerates 
no  less  than  eighteen  species  of  fungi  found  exclusively,  or  almost  exclu- 
sively, on  species  of  Vitis ;  and  to  this  number  might  be  added  others 
which,  although  common  on  grape-vines,  are  also  found  on  other 
plants.  It  is  a  mistake  to  suppose,  however,  that  the  species  enumer- 
ated are  all  really  distinct  from  one  another.  On  the  contrary,  the 
genera,  Phoma^  Diplodioy  Septoria^  and  others  are  nothing  but 
secondary  forms  of  genera  of  Ascomycetous  fungi,  of  which  several 
representatives,  Rhytiima  Vitis,  Schw.,  Tympanii  viticoki^  Fr.,  Dia- 
trype  vittcola,  Scliw.,  VaUa  Vitis,  Schw.,  and  others  are  found  on  our 
grape-vines ;  and  it  may  appear,  in  the  end,  that  the  supposed  variety 
of  fungi  is  not  so  great  after  all ;  but,  like  the  bill  of  &re  presented  by 
the  obliging  waiter,  nothing  more  than  ram,  lamb,  sheep,  and  mutton. 
We  are,  as  yet,  in  ignorance  as  to  exactly  which  of  the  ascigerous  forms, 
the  secondary  forms  belong,  and,  until  we  have  a  more  complete  knowl- 
edge of  the  subject,  distinct,  specific  names  will  still  continue  to  be 
given  to  the  latter.  It  is  to  be  hoped,  however,  that,  the  time  is  not 
remote  when  we  shall  have  such  a  knowledge  of  the  development  of  the 
different  fungi  which  are  found  on  the  grape,  as  to  enable  us  to  dis- 
pense with  the  superfluous  specific  names  which  represent,  as  it  is,  our 
ignorance  rather  than  knowledge. 

The  grape  disease,  properly  speaking,  that  which  has  proved  so 
disastrous  at  different  times  to  the  vines  in  Europe  and  Madeira,  is 
caused  by  a  fungus  to  which  Berkeley  has  given  the  name  of  Oidium 
Tttckeri.  All  we  know  of  this  fungus  botanically  is,  that  it  is  the 
conidial  form  of  some  species  of  Ascomycetes,  probably  some  Erysiphe* 
The  perfect  fruit  has  never  been  found  on  the  vine  in  Europe.    The 
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same  Oidium  has  been  reported  in  several  places  in  this  country;  but, 
inasmuch  as  Oidium  Tuckeri  is  the  general  name  given  to  any  white 
mould  on  grapes  by  those  of  our  botanists  who  have  not  made  a 
special  study  of  fungi,  the  information  is  not  always  trustworthy.  Un- 
doubtedly a  form  undbtinguishable  from  the  Oidium  T\wkeri  of 
Europe  does  occur  in  this  country,*  but  to  what  extent  is  uncertain. 
During  the  past  summer,  the  grape-vines  at  Amherst,  Mass.,  were 
attacked  by  a  fungus  which  was  supposed  to  be  Oidium  Tuckeri,  and 
which  was  distributed  as  such.  The  fungus  was  the  Uacinula  $piralit 
of  Berkeley  and  Curtis,  of  which  the  conidia  are  almost,  if  not  quite, 
identical  with  Oidium  Tuckeri.  Perithecia  were  abundant  on  the 
specimens  we  have  examined,  and  the  connection  between  conidia  and 
perithecia  could  be  traced.  We  are  not  aware  that  the  perithecia  of 
UncintUa  spiralis  have  ever  been  found  in  £uro(>e,  and  it  is  doubtful 
whether  the  fungus  of  the  European  vines  is  really  that  species.  At 
any  rate,  it  must  be  admitted  that,  as  used  in  this  country,  the  name 
Oidium  Tuckeri  is  somewhat  indefinite,  and  does  not  necessarily  refer 
to  the  same  fungus  as  in  Europe.  Whatever  forms  may,  correctly  or 
incorrectly,  be  included  under  Oidium  Tuckeri^  as  far  as  our  experi- 
ence goes,  none  of  them  is  by  any  means  as  common,  certainly  not  in 
New  England,  as  another  fungus,  Peronospora  viticoloy  B.  &  C,  which 
is  limited  to  the  leaves  and  stems,  and  does  not  attack  the  fruit.  Thb 
fungus  is  peculiar  to  America,  and  we  have  attempted  in  the  following 
pages  to  give  a  history  of  its  development. 

Although  extremely  common,  the  fungus  in  question  is  not  one  very 
likely  to  attract  the  attention  of  those  not  somewhat  interested  in 
fungi.  It  first  appears  on  the  under  surface  of  the  leaves,  which,  in 
most  of  our  native  species  of  Vitis,  is  so  covered  with  whitish  wool 
that  the  fungus,  which  is  of  nearly  the  same  color,  escapes  notice. 
Later,  it  causes  a  curling  and  drying  up  of  the  leaf,  which  then  passes 
for  any  ordinary  dead  leaf.  The  fungus  makes  its  appearance  about  the 
first  of  August ;  and,  at  any  time  from  the  middle  of  the  month  until 
frosty  weather  sets  in,  one  can  be  almost  certain  of  finding  it.     As  we 

*  In  tlie  Curtis  Collection  the  only  American  specimen  of  Oidium  Tuckeri 
is  one  marked  8728  on  Vitis  rupestris,  Texas,  Lindiieimer.  No.  8610,  Michener 
(538)  on  Vitis  Labrusca,  Pennsylvania,  1851,  and  Nos.  292  and  899  Russell, 
Mass.,  September,  1856,  on  cultivated  grape-vines,  are  the  original  specimens 
of  Uncinula  spiralis,  B.  &  C. ;  aud  a  figure  of  the  asci  and  appendages  is  given 
in  Berkeley's  "  Introduction  to  Cryptogamic  Botany/'  p.  278,  fig.  6^. 


BULLETIN   OF  THE   BUSSEY  INSTITUTION.  417 

have  already  said,  it  makes  its  appearance  first  on  the  under  surface  of 
the  leaves,  most  abundantly  on  the  veins  near  the  petioles,  and  after- 
wards in  spots  all  over  the  under  surface.  It  is  most  easily  recognized 
on  Vttis  cordifolta,  where  the  under  surface  of  the  leaves  is  smooth,  and 
where  the  frost-like  substance  of  the  fungus  is  in  strong  contrast  with 
the  green  leaf  on  which  it  grows.  When  growing  on  Vitis  Labruscaj 
V.  €B8itvaits,  or  cultivated  varieties  of  those  species,  it  appears  in  the  form 
of  spots,  at  first  pure  white,  afterwards  rusty,  slightly  raised  above  the 
level  of  the  hairs  with  which  the  lower  surface  of  the  leaves  is  clothed. 
Sometimes,  and,  except  in  Vitis  cordifolia,  we  have  not  found  it  to 
occur  at  all  frequently,  the  fungus  invades  the  petioles  of  the  younger 
leaves  and  the  stems  which  swell  to  considerably  more  than  their 
usual  dimensions.  As  the  disease  advances,  the  fungus  spreads  over 
the  whole  of  the  lower  surface  of  the  leaves,  until,  as  not  unfrequently 
happens,  scarcely  a  healthy  leaf  remains ;  red  spots  appear,  at  first 
small,  afterwards  larger ;  the  leaf  becomes  dark  brown,  shrivels  up, 
and  becomes  very  brittle,  but  it  does  not  fall  from  its  attachment  at 
once,  as  we  should  expect  The  fUngus,  like  all  the  other  species  of  the 
genus,  flourishes  best  in  moist  warm  weather,  but  seems  more  tolerant 
of  dryness  than  any  other  Peronospora  with  which  we  are  acquainted. 
We  have  allowed  leaves  to  remain  exposed  for  some  days  on  a  table 
in  the  dry  atmosphere  of  a  laboratory,  and  fresh  conidia  were  pro- 
duced for  several  days  even  when  the  leaf  seemed  quite  dry.  During 
August,  the  disease,  in  the  region  of  Boston,  advances  gradually  until, 
towards  the  middle  of  September,  almost  every  leaf  is  affected  and 
hangs  dead  upon  the  branches. 

Mycelium.  —  A  microscopic  examination  of  the  leaves  and  stems 
shows  an  abundance  of  mycelial  threads  or  hyphse.  They  are  from 
.008-.0122  mm.  in  diameter  in  the  stem  and  petioles,  but  are 
generally  smaller  in  the  leaves.  In  the  stem,  their  general  course  is 
up  and  down,  and  they  are  found  in  all  part<9,  except  the  wood  proper 
where  they  do  not  penetrate.  The  contents  of  the  hyphae  are  granular 
and  somewhat  oily,  and  there  are  but  rarely  any  cross  partitions. 
They  force  their  way  in  all  directions  between  the  parenchymatous 
cells,  and  into  them  by  means  of  haustoria,  Plate  II.,  Fig.  3,  a,  which 
are  abundant,  especially  in  the  stem.  The  haustoria  are  usually  not 
more  than  half  the  diameter  of  the  hyphae,  and  resemble  strongly  those 

of  Cystopus  candtdui^  being  spherical  and  connected  with  the  hypha 
VOL.  I.  58 
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by  slender  necks.  A  magnifying  power  of  three  hundred  diameters  is 
sufficient  to  show  them  plainly.  In  the  leaves,  the  hjphse  are  found 
in  all  parts  except  the  vascular  bundles,  and  are  more  irregular  in 
diameter  than  in  the  stem,  being  often  swollen  in  a  varicose  manner. 
Just  beneath  the  stomata,  the  hyphse  are  particularly  abundant  and 
intricately  entangled.  Those  which  are  destined  to  bear  the  conidia 
pass  through  the  stomata  being  constricted  in  their  passage  and 
expanding  afterwards,  «k>  that  when  cut  off  from  the  surfiice  of  the 
leaf  they  seem  to  have  a  bulbous  base.  Sometimes  such  a  large 
number  of  hyphee  force  their  way  through  a  single  stoma  that  the  two 
cells  which  bound  it  are  torn  asunder. 

However  large  a  number  of  hyphae  may  force  their  way  through,  a 
small  number,  from  four  to  eight,  grow  faster  than  the  rest  and  bear 
the  conidia.  The  conidia-bearing  hyphie  vary  fix)m  .2  to  .6  mm.,  in 
height  when  fully  matured.  Their  general  liabit  of  branching  is 
shown  jn  Plate  II.,  Fig.  1.  The  tip  of  the  simple  axis  divides  into 
three  parts,  one  of  which  generally  seems  like  the  direct  termination 
of  the  axis  and  the  other  two  as  lateral  offshoots,  given  off  at  about  the 
same  level.  At  the  base  of  each  of  the  two  lateral  offshoots,  two 
similar  secondary  offshoots  are  again  given  off  as  shown  in  Plate  II., 
Fig.  2,  which  represents  a  highly  magnified  view  of  a  tip  of  a  stem 
in  which  a  denotes  the  primary  divisions  and  b  the  secondary.  The 
third  division  of  the  primary  branch  on  the  left  is  behind,  and  con- 
cealed from  the  observer  by  the  branch  itself.  The  same  form  of 
division  takes  place  at  the  tip  of  the  branches  and  their  subdivisions,  so 
that  the  ultimate  ramifications  always  seem  three-parted.  The  branches, 
which  are  few  in  number,  generally  from  four  to  eight,  are  placed 
alternately  on  the  upper  third  of  the  axis,  being  generally,  but  not 
always,  distichously  arranged.  Relatively  to  the  m-iin  axis,  they  are 
all  short,  the  broadest  expansion  from  side  to  side  not  being  usually 
greater  than  .12  mm.  The  branches  are  furnished  with  branchlets  of  a 
second  and  third  order  as  shown  in  Plate  II.,  Fig  1,  where  the  naked 
lower  portion  of  the  stalk  has  been  only  partly  represented.  The 
general  arrangement  of  the  conidia-bearing  hyphae,  it  will  be  noticed, 
is  more  compact  than  in  most  species  of  Peronospora,  the  ultimate 
branchlets  being  very  dense.  The  conidia  are  borne  in  profusion  on 
the  tips  of  the  hyphse.  They  are  of  an  oval  shape,  obtuse,  and  with- 
out the  papilla  found  in  some  species  at  the  remote  end,  but  slightly 
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acute,  and  with  a  short  projecting  point  at  the  attached  end.  Their 
size  is  very  variable,  the  smaller  being  .0085  mm.  by  .0125  mm.  and 
the  larger  about  .017  mm.  by  .03  mm. 

Germination.  —  The  germination  of  the  conidia  was  studied  by  us 
in  the  beginning  of  October,  when  the  fungus  was  in  its  prime. 
Leaves  affected  with  the  fungus  were  gathered  in  the  afternoon,  and 
allowed  to  remain  under  a  moistened  bell-glass  during  the  night.  In 
the  morning,  parts  of  the  leaves  where  fresh  conidia  had  grown  during 
the  night  were  cut  out,  and  the  conidia  shaken  into  watch-glasses,  or 
on  to  glass  slides  containing  a  few  drops  of  water.  In  order  to  test 
the  conditions  of  germination,  some  of  the  bell-glasses  were  placed  in  a 
light  room,  and  others  kept  in  the  dark,  and  sowings  were  made  at 
different  hours  of  the  day.  The  result  was  uniformly  the  same, 
whether  the  conidia  were  in  the  dark  or  the  light  Experiments  in 
direct  sunlight  were,  however,  unsuccessful,  as  the  sun*s  rays  heated  the 
water  to  such  an  extent  as  to  cause  rapid  evaporation  of  the  neces- 
sarily small  amount  of  water  used.  With  relation  to  the  time  of  day 
at  which  the  sowing  was  made,  germination  took  place  in  all  cases ; 
but  the  conidia  sown  in  the  morning  generally  germinated  somewhat 
more  quickly  and  more  abundantly  than  those  sown  in  the  afternoon. 
This  might  have  been  partly  owing  to  the  fact,  that  the  conidia  sown  in 
the  morning  were  in  better  condition,  the  result  of  a  growth  of  four- 
teen or  fifteen  hours ;  while  those  sown  in  the  afternoon  were  the 
conidia  produced  during  only  four  or  five  hours  of  the  forenoon.  It 
was  not  possible  to  keep  the  conidia  which  were  produced  in  the  night 
until  the  afternoon,  as  they  generally  fell  from  their  attachments  in 
the  morning,  and  began  to  germinate.  In  all  cases,  tlie  germination 
took  place  with  a  surprising  regularity.  At  the  end  of  an  hour,  the 
conidia  were  slightly  swollen  and  their  contents  had  begun  to  segment, 
as  shown  in  Plate  III.,  Fig.  4,  each  segment  having  a  light-colored 
nucleus.  At  the  expiration  of  an  hour  and  a  quarter,  the  segments 
had  resolved  themselves  into  a  number  of  oval  bodies,  which  collected 
at  the  distal  end  of  the  conidia,  and  which,  before  long,  succeeded  in 
rupturing  the  cell  wall  and  making  their  escape  from  the  mother-cell. 
They  passed  out  rathei*  slowly,  usually  one  at  a  time,  and  paused  for 
a  moment  in  front  of  the  opening,  where  they  remained  as  if  not  yet 
quite  free  from  one  another.  In  a  short  time  each  segment  began  to 
extricate  itself  from  the  common  mass,  moved  more  and  more  actively, 
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and,  finally,  darted  off  with  great  rapidity  a  full-fledged  zoospore 
furnished  with  two  oilia.  The  number  of  zoospores  produced  in  a 
conidia  is  very  variable.  The  most  frequent  number  is  five  or  six. 
Sometimes  there  are  not  more  than  three,  and  we  counted  in  one  case 
seventeen.  Not  unfrequently  one  or  two  of  the  zoospores  do  not 
succeed  in  escaping  from  the  mother-cell,  but  they  are  seen  to  move 
about  inside.  Where  two  remain,  it  often  happens  that,  by  trying  to 
move  in  opposite  directions,  they  prevent  one  another  from  passing 
out  at  the  open  mouth  of  the  conidia.  The  shape  of  the  zoospores  can 
hardly  be  described,  as  it  is  continually  changing.  Plate  III.,  Figs.  6, 7, 
show  two  of  the  most  common  forms  which  they  assume.  At  times, 
they  are  irregularly  oval,  flattened  on  one  side,  and  more  acute  at  one 
end  than  at  the  other.  There  are  always  two  bright  spots  near  the  flat 
edge,  from  which  two  cilia  project  in  opposite  directions.  In  other 
cases,  the  zoospore  rolls  itself  up  into  a  ball,  the  two  bright  spots  are 
brought  almost  in  contact  with  one  another,  and  the  cilia  project 
nearly  parallel  to  one  another.  Plate  III.,  Fig.  7.  The  length  of  the 
zoospores  varies  from  .008  mm.  to  .010  mm.  They  move  about  for 
from  fifteen  to  twenty  minutes,  the  motion  growing  gradually  slower. 
At  the  end  of  that  time  they  come  to  rest,  the  cilia  drop  ofl^,  they 
assume  a  spherical  shape ;  and,  in  about  a  quarter  of  an  hour,  an  out- 
growth appears  on  one  side  which  develops  rapidly  into  the 
mycelium  of  a  new  plant.  Under  no  circumstances  have  we  seen  any 
direct  production  of  a  hypha  from  the  conidia  itself  as  sometimes 
happens  in  Peronospora  tnfesians. 

The  regularity  and  punctuality  with  which  germination  takes  place, 
notwithstanding  the  variations  in  light,  heat,  and  other  external  con- 
ditions, is  quite  surprising.  It  is  so  regular  that  by  properly 
arranging  the  time  of  sowing,  and  first  making  sure  that  the  conidia 
used  are  quite  ripe,*  we  are  able  to  be  tolerably  certain  of  a  crop  of 
zoospores  for  dass  demonstration  at  any  given  hour.  At  the  end  of 
an  hour,  or  an  hour  and  a  quarter,  the  conidia  will  have  b^un  to 
swell ;  a  quarter  of  an  hour  later,  the  zoospores  will  have  been  db- 
charged ;  in  another  quarter  of  an  hour  they  will  have  oome  to  rest ; 
and  in  another  quarter  of  an  hour  they  will  have  begun  to  germinate. 
Time  and  time  again  have  we  sat  with  watch  open  before  us  to  observe 

*  To  make  sure  of  this,  it  is  better  to  shake  a  piece  of  a  diseased  leaf  orer 
the  water  to  be  used,  rather  than  to  plunge  it  into  the  water. 
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the*  changes  which  might  occur  from  the  end  of  the  first  hour  until  the 
beginning  of  the  following  quarter-hour;  and  almost  punctually  to 
the  minute,  the  discharge  of  zoospores  has  begun.  When  the  conidia 
sown  are  in  good  condition,  the  greater  part  of  them  emit  their 
zoospores  during  an  interval  not  greater  than  fifteen  or  twenty  minutes; 
and  those  which  during  this  period  do  not  discharge  their  contents  in 
the  form  of  zoospores  do  not  do  so  at  a  later  period,  but  abort.  When 
the  conidia  are  sown  in  the  afternoon,  however,  it  sometimes  happens 
that  a  part  of  them  do  not  germinate  until  the  next  morning. 

Cos  PORKS.  —  We  have  found  the  oospores  of  Peronoipora  vitxcola 
only  on  plants  of  VitU  isstivalts,  where  they  are  apparently  abundant, 
although  not  very  easily  seen.  They  are  found  in  the  latter  part  of 
September  and  October,  in  the  discolored,  shrivelled  parts  of  the 
leaves,  and  are  most  abundant  just  inside  what  are  called  the  palisade 
cells  of  the  upper  surface.  They  are  spherical,  about  .03  mm.  in 
diameter,  have  a  thick  cell  wall,  which  is  smooth  and  slightly  yellow 
in  color,  and  almost  completely  fill  the  mother-cell,  as  shown  in  Plate 
III.,  Fig.  2.  The  dense  structure  and  opacity  of  the  upper  surface  of 
the  leaf  and  the  dense  woolly  covering  of  the  lower  sur&ce,  which  can 
be  entirely  removed  only  with  great  difiiculty,  renders  this  species  one 
of  the  least  favorable  of  the  genus  for  the  study  of  the  formation  of  the 
oospores.  In  dried  specimens,  the  oospores  can  be  well  seen  only  after 
boiling  in  potash,  afterwards  treating  with  hydrochloric  acid,  and  a 
careful  dissection,  a  process,  it  will  be  easily  imagined,  likely  to  distort 
the  parts. 

The  oospores  are  generally  set  free  by  the  cracking  open,  or,  more 
slowly,  by  the  rotting  of  the  palisade  cells,  which  allows  the  escape  of 
the  oospore  with  its  tough  covering.  The  germination  of  the  oospores 
we  have  not  been  able  to  discover. 

The  fungus  we  are  now  considering  is  very  abundant  on  Vttis  asti' 
valts,  Michx.,  K  Labru$ca^  L.,  and  all  their  cultivated  varieties ;  on 

V,  cordlfoUot  Michx. ;  on  F.  vulpina,  L.,  and  the  cultivated  Catawba 
grape ;  and,  in  fact,  on  nearly  all  varieties  of  American  grapes,  although 
we  have  not  as  yet  heard  of  its  occurring  on  the  Diana  grape.  It  is 
probably  found  throughout  the  whole  United  States  east  of  the  Rocky 
Mountains,  but  it  has  not  yet  been  reported  from  the  west  coast  It  has 
been  said  not  to  occur  on  the  smooth -leaved  species,  but  its  presence  on 

V,  cordifolia  proves  the  contrary.   It  has  also  been  said  that  it  does  not 
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occur  on  the  varieties  of  K  vinifera  growing  in  this  country-  As  we 
have  not  had  an  opportunity  in  this  region  of  examining  such  yarietics 
growing  in  the  open  air,  we  cannot  controvert  this  point ;  but  our  ex- 
periments prove  that  it  can  be  made  to  grow  on  V,  vinifera  even  more 
luxuriantly  than  on  American  species. 

To  study  the  propagation  of  the  disease,  leaves  of  different  spedea 
were  kept  under  moistened  bell-glasses,  ,and  conidia  were  sown  on 
them  in  different  positions.  The  quickest  method  of  infection  was  by 
laying  a  healthy  leaf  upon  one  affected  with  the  fungus.  In  two  cases, 
the  fungus  appeared  on  the  healthy  leaf  at  the  end  of  the  second  day. 
It  made  no  difference  whether  the  upper  or  lower  sur&ce  of  the 
healthy  leaf  was  brought  in  contact  with  the  infected  leaf,  as  isx  as 
the  contagion  was  concerned.  Again:  germinating  zoospores  were 
sown  on  the  upper  and  lower  surfaces  of  healthy  leaves  of  Vitit  vini' 
fercL,  and  of  smooth-leaved  American  species.  The  fungus  appeared 
first  on  the  leaves  of  V,  vinifera^  on  the  fifth  day  after  sowing,  and  grew 
luxuriantly,  soon  covering  the  leaves.  On  American  species,  it  made 
its  appearance  a  day  or  two  later.  Where  the  zodspores  were  sown  on 
the  leaf,  the  best  results  were  obtained  when  sown  on  the  lower  sur- 
&ce.  This  is,  perhaps,  owing  to  the  fact  that  the  under  surface  of  the 
leaves  is  concave,  and  readily  holds  the  water  used  in  the  cultures, 
while  the  upper  surface  is  somewhat  convex. 

In  order  to  find  out  in  what  way  the  hyphae  produced  from  Uie 
zoospores  make  their  way  into  the  vine,  small  slices  of  petioles  were 
placed  on  moistened  slides,  on  which  were  germinating  conidia.  In 
only  one  case  was  a  direct  result  obtained;  and  then  the  germinal 
thread  passed  through  the  epidermis,  and  not  through  a  stoma.  On 
this  point,  however,  our  experiments  were  not  sufficiently  numerous  to 
prove  satisfactory. 

One  would  naturally  suppose  that  a  fungus  so  common  as  Perono- 
spora  viticola,  which  often  is  found  on  every  leaf  of  a  vine,  would  have 
an  injurious  effect  upon  the  grape  crop.  Such,  however,  is  not  the 
case.  The  fungus  doe^  not  attack  the  grapes  themselves ;  nor  does  it, 
at  least  in  New  England,  appear  until  about  the  first  of  August ;  and 
its  withering  effect  upon  the  leaves  is  not  very  evident  before  Septem- 
ber. As  far  as  out-of-door  grape  culture  in  the  Northern  States 
is  concerned,  we  are  inclined  to  believe,  that,  practically  no  harm  is 
done  by   Peronospora  viticola^  but  that,  on  the  contrary,  the  fungus 
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18  really  beneficial.  Our  native  vines  have  a  luxuriant  growth  of 
leaves;  and  the  danger  is  thnt,  in  our  short  8ummei*s,  the  grapes 
will  not  be  sufficiently  exposed  to  the  sun  to  ripen.  But  the  Peron- 
ospora  arrives,  with  us,  at  a  period  when  the  vine  has  attained  its 
growth  for  the  season ;  the  important  point  being  then  to  ripen  up 
the  grapes  which  are  concealed  by  the  foliage.  By  shrivelling  up  the 
leaves,  the  Peronospora  enables  the  sun  to  reach  the  grapes  without 
loss  to  the  vines,  as  is  shown  by  the  fact  that  the  vines  continue  to  live 
on,  year  after  year,  without  apparent  injury.  Should  the  fungus  be 
introduced  into  Central  Europe,  the  case  might  be  different.  The 
foliage  of  Vitis  vinifera  is  by  no  means  as  luxuriant  as  that  of  our 
own  vines ;  the  winters  are  warmer,  the  springs  earlier,  and  the  sum- 
mers much  moister,  than  here ;  and  it  is  quite  possible  that  the  advent 
of  the  Peronospora,  by  reason  of  the  greater  warmth  and  moisture, 
would  be  some  weeks  earlier  than  here,  before  the  vine  had  attained 
its  growth,  and  at  a  time  when  the  leaves  are  needed  for  the  work  of 
absorption  and  assimilation.  It  might  be  that  the  introduction  of  Pe- 
ronospora  viticola  into  Europe  would  prove  a  repetition,  on  a  small 
scale,  of  what  has,  unfortunately,  already  happened  in  the  case  of 
Phylloxera.  The  presence  of  Peronospora  viticola  is  no  protection 
against  what  is  in  this  country  called  Oidium  Tuckerij  for  we  have 
found  both  plants  growing  side  by  side  on  a  leaf  of  Vitis  cortUfolia, 

The  fungus  we  are  now  considering  was  probably  first  collected  by 
Schweinitz,  who  erroneously  considered  it  Botrytis  cana,  Lk.,  in  his 
"  Synopsis  Fung.  Am.  Bor.,"  2663,  No.  25.  In  the  Curtis  collection 
is  a  Schweinitzian  specimen  marked  Botrytis  carta,  on  a  grape-leaf. 
The  specimen  b  well  preserved,  and  there  is  no  doubt  of  its  being  the 
genuine  B.  viticola.  The  species  was  named  B,  viticola  by  Berkeley 
and  Curtis,  from  specimens  collected  in  1848,  and  distributed  without  a 
description  by  Ravenel  in  his  "  Fung.  Car.  Exs.,"  V.  90.  It  was 
referred  to  by  Caspary,  in  "  Monatsbericht  der  Berliner  Akademie," 
May,  18o5;  and  by  Sprague,  in  "  Proc  Bost.  Soc.  Nat.  Hist.,"  Jan.  6, 
1858.  It  was  first  described  by  De  Bary,  in  the  "  Annales  des  Sci- 
ences," 4th  series,  20th  volume,  p.  125,  1863,  as  follows:  "P.  viticola 
(Berk,  et  Curt.),  mycelii  tubi  crassi,  siepe  constrict!  varicosique 
(haustoria  non  vidi).  Stipites  conidiferi  fiisciculatim  e  stomatibus 
emergentes,  graciles,  elati,  summo  apice  parum  attenuato  brevissime 
aemel  bisve  dichotomi  y.  trifurcati ;  sub  apice  ramos  plemmque,  4-6 
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(raro  3,  y.  7)  gerentes.  Rami  primarii  plerumque  alterni,  distantes  et 
ezacte  distichi,  onanes  pro  stipids  altitudine  breves ;  inferiores  plemm- 
que  trifurcati  divisionibus  iterum  bis  trifurcatis  v.  quandoque  bis  dicho- 
tomis ;  ramuli  ultimi  (quarti)  ordinis,  aeque  ac  stipitis  divisiones  apica- 
les,  brevissime  conico-subulati  recti,  acuti.  Rami  primarii  superiores 
minores,  inferiorum  secundariis  v.  tertiariis  coDformes.  Rami  onmiam 
ordiuum  angulis  reetis  pateotes,  primarii  in  uno  piano  divaricati, 
planum  ramificationum  secundi  ordinis  in  primario,  tertiaronim  in 
primario  et  secundario  perpend iculare.  (Rarius  rami  primarii  2  infe- 
riores  oppositi  sunt,  raro  ramulis  2  alterius  muniti  nee  trifurcati,  raris- 
sime  rami  primarii  irregulariter  sparsi  nee  distichi  sunt.)  Conidia 
parvula,  ovoidea,  apice  lato  rotundata  v.  subtruncata,  papilla  destituta, 
membrana  circumcirca  sequali  hyalina.  Oogonia  parva,  membrana 
tenui  byalina  y.  lutesceute  oosporam  foyentia  subglobosam  episporio 
tenui  fuscente  diaphano  Iseyi  munitam/' 

It  is  again  referred  to  as  a  Botrytis  by  Curtis,  in  his  "  List  of  Plants 
of  North  Carolina,"  1867;  by  Peck,  in  the  « Twenty-third  Report  of 
the  N.  Y.  State  Botanist,"  for  1869  (pub.  1873)  ;  and  by  Frost,  in 
Tuckerman*8  "  Catalogue  of  Plants  within  Thirty  Miles  of  Amherst 
College,"  1875,  and  Berkeley,  in  "Grevillea"  for  March,  1875, 
'*  Notices  of  N.  A.  Fungi,"  No.  667,  gives  the  following  description : 

**  Peronoepora  vittcola,  B.  &  C.  Floccis  candidis  sursum  ramosissi- 
mis  apicibus  breviter  emarginatis  furcatisve;  sporis  oyatis.  On  the 
under-side  of  leaves  of  Vitis  cestivalis.  Santee  River,  Ravenel,  No. 
1632;  New  England,  Sprague,  No.  5764;  Missouri,  Dr.  Engelmann. 
Forming  orbicular  white  spots ;  flocci  articulated,  much  branched 
above ;  the  apices  emarginate,  or  shortly  forked  and  acute ;  spores 
ovate.  In  those  varieties  where  the  leaves  are  woolly  beneath,  the 
spots  are  less  conspicuous." 

Although  our  plant  has  been  considered  quite  distinct  among  the 
species  of  Peronospora,  it  seems  to  us  that  one  cannot  fail  to  see  a 
decided  resemblance  to  P,  niveay  Unger.  The  conidia  differ  from 
those  of  the  latter  species  in  being  smaller,  and  in  not  having  an  apical 
papilla,  but  resemble  them,  and  those  of  P.  infestans,  in  their  mode  of 
germinating.  The  conidial-bearing  hyphaB  in  P.  vtticola  are  taller, 
and  comparatively  more  slender,  than  in  P.  nivea ;  but  •  the  peculiar 
tripartite  division  of  the  tips,  so  uniform  in  P.  viticola^  is  also  fre- 
quently found  in  P.  niveaj  although  in  the  latter  they  are  much  more 
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attenuated,  not  densely  compact,  as  in  the  former.  The  oospores  of 
the  two  species  are  very  much  alike.  In  short,  one  might  almost  say 
that  P.  vitxcola  was  P.  ntveoj  with  the  axis  and  primary  branches 
drawn  out,  and  the  ultimate  branches  contracted. 

It  has  seemed  to  us  desirable  to  give  at  the  close  of  the  present 
article  an  account  of  the  species  of  Peronospora  at  present  recognized 
in  the  United  States,  although  we  can  make  but  a  beggarly  display 
compared  with  European  countries.  It  is  natural  to  suppose  that  our 
list  will  be  increased  as  collectors  of  fungi  shall  hereafter  turn  their 
attention  more  especially  to  plants  of  this  order.  But,  however  many 
species  may  be  added  to  the  number  already  known,  there  can  be  no 
doubt  that  the  number  of  individuals  is  much  smaller  than  in  Europe. 
We  have  found  it  difficult  to  secure  specimens  for  class  demonstration, 
whifh  is  never  the  case  in  Central  Europe,  where,  early  and  late,  one 
is  tolerably  certain  of  finding  several  species.  P.  parasitica^  Pers.,  as 
far  as  our  experience  goes,  is  not  common  ;  and  we  have  never  found 
it  jn  company  with  Cystopus  candidus  on  Capsellcu  P.  gangliformis, 
Berk.,  is  one  of  our  few  comparatively  common  species ;  and,  unfor- 
tunately for  market  gardeners,  it  bids  fair  to  become  still  more  com- 
mon.  P.  viticola  must,  on  the  whole,  be  considered  our  commonest 
species,  although  P,  infestans  is  periodically  very  abundant.  In  this 
connection  we  would  call  the  attention  of  our  readers  to  the  discovery 
of  the  oospores  of  Peronospora  infestans  by  Mr.  Worthington  G. 
Smith,  in  the  leaves  of  American  varieties  of  potatoes,  for  which  he 
has  been  awarded  a  gold  medal  by  the  Royal  Horticultural  Society,  of 
England.  As  the  results  of  Mr.  Smith's  discovery  have  lately  ap- 
peared in  several  journals,  some  of  which  are  accessible  to  most  of 
the  readers  of  the  Bulletin,  we  need  only  refer  them  to  the  "  Garden- 
er's Chronicle"  of  July  17,  1875,  the  "Journal  of  Horticulture  and 
Cottage  Gardener,"  July  22,  the  "  Quarterly  Journal  of  Microscopic 
Science,"  for  October,  1875,  where  two  photographs  are  given,  and  to 
the  "  Journal  of  the  Royal  Agricultural  Society  of  England,"  2d  Se- 
ries, Vol.  11,  Part  II.,  No.  XXIL,  where  a  review  of  the  subject  is 
given  by  W.  Carruthers,  F.  R.  S. 
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SYNOPSIS  OF  THE  PEBONOSPORKS   OF  THE  UNITED  STATES. 

PERONOSPORA. 

CoNiDiA.  solitary^  borne  on  the  tips  of  branching  filaments,  which 
pass  through  the  stomata  into  the  air.  Oospores  spherical,  boned 
in  the  tissues  of  the  foster -plant. 

Peronospora  infestans  (Mont.),  Botrytiiy  Auct,y  Be  Bary^  An- 
notes  des  Sciences^  4  Sir.  Tom.  XX.,  1863.  Potato-rot  fungus. 
Mycelium  slender,  haustoria  few,  conidial-bearing  hyphas  irregularly 
swollen  at  intervals  near  the  dp.  Branches  few,  irregularly  placed, 
conidia  ovoid,  apex  papillate.  Grermination  usually  by  means  of  zoo- 
spores. Oospores  {Artotrogus  hydnosporuSy  Mont,  fide  Berkeley),  dark 
brown,  coarsely  reticulated.  Vide  W.  G.  Smith,  "  Quarterly  Journal 
of  Microscopic  Science,"  Oct.  1875. 

Common  on  potatoes  in  all  the  Atlantic  and  Middle  States.  In 
California,  near  San  Frandsco,  May,  1875,  Dr.  H.  W.  Harkness. 
On  tomatoes,  Ravenel,  South  Carolina,  September  and  October,  1859. 

Peronospora  nivea,  Unger.  De  Ban/y  L  c.  Ilo.  2.  P.  Vm- 
heUiferarumy  Casparyy  MonaUberichly  Berliner  Akad*  Mayy  1855.  P, 
macrocarpa  Babenh.  Herb.  My  col.  Mycelium  torulose.  Haustoria 
numerous,  oval.  Conidial-bearing  hyphae,  fasciculate,  3  to  7  from 
each  stoma.  Axis  short,  simple ;  branches  few,  short,  at  right  angles 
to  axis.  Tips  of  ultimate  branches  loosely  hi-  or  tri-partite.  Conidia 
ellipsoidal,  obtusely  papillate.  Germination  by  zoospores.  Oospores 
rather  large,  numerous,  epispore  hyaline  or  slightly  yellow.  Plate  II., 
Fig.  4,  and  Plate  III.,  Figs.  9,  10. 

To  this  species  we  refer  a  fungus  found  by  us  twice,  once  at  Cam- 
bridge, near  Fresh  Pond,  on  the  under  sur&ce  of  the  leaves  of  Gera- 
nium maculatumy  L.,  in  August,  1874,  and  again  at  Wood's  Hole, 
Mass.,  on  the  same  plant,  July,  1875.*  It  forms  large  pure  white 
patches  between  the  principal  veins.  There  are  two  Peronospora 
found  on  species  of  Geranium  in  Europe,  P.pusilloy  Unger,  and  P. 
conglomeratay  Fuckel.  The  latter  is  very  different  from  our  species. 
The  former,  for  a  specimen  of  which,  collected  by  Professor   De 

*  Since  the  above  was  sent  to  press,  we  have  found  the  same  species  of 
Peronospora  oo  a  leaf  of  Geranium  Itobertianum  amongst  the  ondetermiDed 
species  of  the  Curtis  Collection,  No.  58,  without  date  or  locality. 
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Barj,  we  are  indebted  to  Dr.  C.  E.  Stahl,  is  more  like  our  plant,  yet 
different  Of  P.  nivec^  Unger,  we  have  a  number  of  specimens  on 
.jEgopodium  Podograria^  collected  near  Strassburg;  and,  in  spite  of 
the  fact  that,  as  a,  rule,  the  species  of  Peronospora  are  limited  to 
particular  species  of  phanerogams,  or  nearly  related  species,  we  can 
see  absolutely  no  difference  between  European  specimens  on  an  Um- 
bellifer  and  our  own  on  Geranium.  De  Bary  describes  P.  nivea  as 
being  only  rarely  tripartite  at  the  tip,  while  our  European  specimens  are 
as  often  tri-  as  bi-partite.  The  same  is  true  of  American  specimens. 
The  shape  and  size  of  the  conidia  is  the  same  in  both  specimens.  In 
both  the  apex  is  obtusely  papillate ;  aud,  if  there  is  any  difference  in 
the  odspores,  it  is  that  the  epispore  of  Ameiican  specimens-  is  a  little 
the  thicker.  We  have,  unfortunately,  never  seen  the  germination  of 
the  conidia  in  American  specimens. 

Peeonospora  viticola,  B.  &  C.  Botrytis  cana.  Herb.  Schw,  De 
Bart/y  L  c.  No.  40,  Berkeley,  Not  N,  A.  Fungiy  GrevilleOy  March,  1875. 
Ravenel  Fung.  Car.  £xc.  V.  90.  Grape  mould.  Mycelium  varicose, 
haustoria  abimdant,  small,  spherical.  Conidial-bearing  hyphs  fascicu- 
late 4-10  from  each  stoma,  axis  simple,  slightly  uudulate,  branches 
few  on  the  upper  part  of  axis,  short,  alternate,  beset  with  secondary 
and  tertiary  branchlets.  Tips  closely  tripartite.  Conidia  oval,  desti- 
tute of  terminal  papilla.  Germination  by  zoospores.  Oospores  numer- 
ous, small,  epispore  smooth,  slightly  yellow.  Plate  II.,  Fig.  1.  Plate 
111.,  Figs.  2  —  8. 

Common  in  the  Atlantic  and  Central  States  on  Vttie  Labrusca,  L., 
V.  cestivalis,  Michx.,  V,  cordifoliay  Michx.,  F.  vulpina,  L.,  and  their 
cultivated  varieties.     Oospores  on  F.  (Estivalis, 

Peronospora  oanqlipormis,  Berk.  Journal  ffort.  Soc.  London, 
l,p,  51,  tab.  4,  De  Bary,  L  c.  No,  6.     Lettuce  mould. 

Mycelium  slightly  torulose.  Haustoria  ovate,  conidial-bearing  hy- 
phaB  several  times  dichotomous,  slender,  swollen  at  the  tip  into  a 
round  or  slightly  funnel-shaped  body,  from  the  circumference  of  which 
radiate  several,  two  to  eight,  processes,  which  bear  the  small  roundish 
conidia.  Germination  by  a  terminal  tube.  Odspores  small  roundish, 
epispore  thin,  yellow. 

Common  on  lettuce,  Watertown,  Mass.  On  Lactuca  altissima,  Bot 
Gard.  Cambridge,  1874.  On  Nabalus  albus.  Wood's  Hole,  Aug. 
1875. 
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Peronospora  PARASITICA,  Pers.  De  Bcay,  L  c.  No.  7.  My- 
celium large.  Haustoria  yery  large,  branching.  Conidial-bearing  hy- 
phse  repeatedly  dichotomous.  Ultimate  divisions  slender,  divaricate. 
Conidia  ellipsoid  obtuse.  Grermiual  tube  given  off  from  any  part  of 
conidia.  Oospores  round ;  epispore,  slightly  yellow,  smooth,  or  slightly 
rugose. 

Cabbage  leaves.  Society  Hill,  N.  C.  March,  1849.  Curtis,  No. 
2259.  On  Cardamine  rhombotcka,  D.  C.  Buffalo  N.  Y.,  Clinton  in 
26th  Report  of  N.  Y.  State  Botanist,  by  Peck.  Lepidium  Virginia 
cum^  L.,  Noank,  Conn.,  Aug.  1875. 

Peronospora  effusa,  Grev.,  De  Bary,  L  c.  No.  16.  —  Mycelium 
cylindrical.  Haustoria  filiform.  Conidial-bearing  hyphse  repeatedly 
dichotomous.  Divisions  of  ultimate  dichotomy  unequal,  flexuous,  re- 
curved. Conidia  large,  ellipsoidal,  dirty-violet,  colored.  Grermination 
by  a  lateral  tube.  Oospores  globular;  epispore  dark-colored,  with 
irregular  projections. 

To  this  species  we  refer  two  specimens  found  among  the  undeter- 
mined fungi  of  the  Curtis  collection,  labelled  ^  Atriplex,  Albany." 
Besides  these,  we  found  at  Newton,  Mass.,  August,  1874,  a  Perono' 
$pora  on  the  under-sur£ice  of  leaves  of  Plantago  major,  with  both 
oospores  and  conidia,  which  is  apparently  the  same  species  as  that  on 
the  Atriplex,  and  which  agrees  perfectly  with  European  specimens  of 
P.  effusa,  Grev.,  although  that  occurs  on  GhenopodiacetB  and  Polygo^ 
nacece,  P.  aha,  Fuckel,  of  which  the  oospores  are  unknown,  occurs  on 
the  leaves  of  Plantago  major,  and  the  description  answers  very  well 
to  our  plant.  We  must  confess,  however,  that  the  description  of  that 
species  also  answers  remarkably  well  for  our  European  specimens  of 
P.  effusa  on  Chenopodium ;  and  we  must  consider  that  our  plant  whose 
conidia  germinate  by  means  of  a  lateral  filament  is  P.  effusa,  rather 
than  the  somewhat  doubtful  P,  alto. 

It  is  possible  that  the  onion-disease  so  destructive  in  Connecticut  is 
caused  by  Peronospora  Schleideniana,  Uuger,  which  is  injurious  to 
onions  in  Europe.  We  have  not,  however,  been  able  to  examine 
specimens  of  the  Connecticut  disease ;  nor  do  we  know  of  any  scien- 
tific investigation  of  the  subject. 
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CYSTOPUS. 

Conidia  in  rows,  packed  doselj  together,  and  bursting  through  the 
epidermis  in  spots.     Oospores  as  in  Peronospora. 

CirsTOPUS  OA.NDIDUS  (Pers.),  Uredo  AucL  (White-Cabbage  Mould). 
Conidia  of  uniform  size,  round.  Oospores  large,  round,  yellowish, 
marked  with  flezuous  ridges,  sometimes  reduced  to  rough  papillsB. 
Common  on  cruciferous  plants,  Atlantic  and  Central  States.  On 
Capsella  bursa pcuiorisy  Dentaria  epiphyllay  Sinapis  nigra  (oospores), 
Turritis,  &c 

CrsTOPUS  Bliti,  Bivon,  O.  Portutacea  (Z>.  C),  De  Bary,  L  c, 
Nos,  3  and  4.  Conidia  of  two  kinds,  —  the  terminal  larger  than  the 
rest,  and  generally  sterile;  the  rest  cylindrical  ovoid.  Oospores 
large,  round.  Epispore  dark-brown,  marked  with  slightly  elevated 
ridges,  which,  at  maturity,  form  a  net-work.  Common  on  different 
species  of  Amaranthus  and  on  PortuLaca  oleracecu 

Cystopcs  cubicus.  Mart,  Uredo  Candida,  var,  AucL  Berkeley, 
Not.  N.  A.  Fungiy  Grevillea,  Dec,  1874.  Conidia  of  two  kinds,  — 
terminal  large  and  sterile ;  the  rest  short,  cylindrical.  Oospores  round, 
dark-colored,  densely  covered  with  small  protuberances.  On  Convol- 
vulus panduratuSy  Jponuea  trichocarpa.  On  Convolvulus  macrorhiza, 
Ohio  (vid.  Berkeley  1.  c.).  On  Ambrosia  artemisicefoliay  Newton, 
August,  1874.  We  should  be  thankful  that  there  is  one  fungus,  at 
least,  which  is  injurious  to  this  troublesome  weed. 

Ctstopus  8PINUL08U8,  Dc  Bary,  has  been  detected  by  Peck  on 
Cirsium,  collected  by  Hon.  G.  W.  Clinton,  near  Buffalo,  N.  Y. 
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No.  28.  —  Li9t  of  Fungi  found  in  the  Vicinity  of  Boston.  By 
W.  G.  Fablow,  Assistant  Professor  of  Botany  in  Harvard 
University. 

The  foUowiDg  list  makes  no  pretensioa  to  completeness,  as  wUl  be 
seen  by  the  small  number  of  species  of  Basidiomycetes  and  Ascomy- 
cetes  reported.  It  is  intended  simply  as  a  contribution  to  our  knowl- 
edge of  the  fungi  found  in  the  neighborhood  of  Boston,  of  whidi 
our  only  sources  of  information  are  the  papers  by  JVIr.  C.  J.  Sprague, 
published  in  the  ^'  Proceedings  of  the  Boston  Society  of  Natural 
History,"  March  5,  1856,  and  Jan.  6,  1858,  and  numbered  references 
to  the  collections  of  Mr.  C.  J.  Sprague,  Mr.  Dennis  Murray,  and  the 
late  Rev.  J.  L.  Russell,  in  the  ^  Notices  of  North- American  Fungi," 
by  the  Rev.  M.  J.  Berkeley,  now  in  course  of  publication  in  GreviUea. 
Of  the  present  list,  the  species  have  all  come  under  our  own  observa- 
tion within  a  radius  of  a  few  miles  of  the  Bossey  Institute^  or  al 
Wood's  Hole,  Mass.,  where  the  University  summer  course  in  crypto- 
gamic  botany  was  given  in  the  months  of  July  and  August,  1875. 
Occasionally,  reference  is  made  to  a  species  from  a  more  remote  lo- 
cality. We  have  omitted  the  names  of  a  large  number  of  conidial 
forms  which  are  known  to  be  states  of  ascomycetous  fungi,  since  one 
specific  name  is,  of  course,  sufficient  to  indicate  a  whole  series  of  forms. 
The  nomenclature  of  the  species  of  Myxomycetes  has  been  made  to 
correspond,  as  far  as  possible,  with  that  adopted  by  Dr.  J.  T.  Rosta- 
finski,  in  his  work  on  that  group. 

MYXOMYCETES. 

Ceratium  HYDNOiDES,  A.  &  S.     Newton;  Wood's  Hole.     Common. 
Ceratium  porioides,  A.  &  S.     Wood's  Hole. 
Lycogala  epidendron,  Fr.     Common  near  Boston.     On  stumps. 
TuBULiNA  CYLiNDRiCA,  D.C.     Ncwton.     On  piuo  stumps. 
Cribkaria  vulgaris,  Schrad.     Newton. 
Cribraria  purpurea,  Schrad.    Eastport,  Me.     October,  1876. 
DiCTYDiuM  CERNUUM,  Schrad.    Newton.     Rather  common. 
Reticularia  muscorum,  Fr.     Eastport,  Me.      October,  1875.      On 
stumps. 

Stemonitis  FU8CA,  Roth.     Common  near  Boston. 
Stemonitis  ferruginea,  Ehrb.    Newton.     Common. 
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Lamproderma  columbinum,  Rostafinski.  {Physarum^  Pers.)  East- 
port,  Me.     October,  1875. 

TiLMApocHE  NUTAJis,  RoBtafinskl.  (Phytarum,  Pers.)  Newton ; 
Wood's  Hole. 

Physarum  Farlowii,  Rostafinski.     Newton. 

PflYSARUM  siNUOSUM,  Rostafinski.  (Angwridium,  Grev.)  Newton  ; 
Wood's  Hole. 

Lkocarpus  vernicosus,  Lk.    Newton;  Wood's  Hole.     Common. 

FuLioo  SEPTiCA,  Rostafinski.  {JSthalium^  Fr.)  Common  near  Bos- 
ton. 

DiDYMiUM  CLAVU8,  Fr.    Bussey  Woods. 

DiDYMiUM  xANTuopus,  Fr.  On  moss  and  dead  leaves.  Wood's  Hole. 
Common. 

DiDERMA  GL0B08UM,  Pers.    W^ood's  Hole.    On  leaves.     Common. 

Trichia  cuRYSOSPERMA,  D.C.    Newton.     Common. 

Trichia  pyriformis,  Hoffm.     Newton. 

Hbmitricuia  clavata,  Rostafinski.     Newton. 

Arcyria  puNiCEA,  Pers.     Common. 

Arcyria  nutans,  Grev.    Newton.    Wood's  Hole.    Rather  common. 

Arcyria  cinerea,  F1.  Dan.     Newton. 

Lachnobolus  olobosus,  Rostafinski.  (ilrcyrta,  Schw.)  Newton. 
Common  on  chestnut  burrs  and  leaves. 

MUCORINL 

MucoR  Syzygites,  De  Bary.  {Syzygites  megalocarpuSy  Ehr.,  and 
Sporodinia  granUis^  Lk.)  Common  on  decaying  agarics.  Wood's  Hole; 
Newton. 

MucoR  MucEDO,  L.     On  all  decaying  substances. 

MucoR  RACEMOsus,  Fres.     On  horse-dung.     Bussey  Inst. 

MucoR  STOLONiFER,  De  Bary.  (Ascophora  mucedo,  Tode;  Rhizopus 
nigricans^  Ehr.)     On  decaying  articles  of  food  everywhere. 

MucoR  Phycomyces,  Berk.  {Phycomyces  nitenSy  Kze.)  Found  by 
Dr.  C.  F.  Folsom  in  the  sewers  of  Boston ;  also  growing  luxuriantly  at 
the  Bussey  laboratory  from  specimens  sent  from  Strassburg  by  Dr.  Stahl; 
Cambridge,  on  bones. 

Thamnidium  elegans,  Lk.     Bussey  Inst.     On  horse-dung. 

CHiETOCLADiUM  JoNEsii,  Bk.  and  Br.     Bussey  Inst.     On  horse-dung. 

PipTOCEPHALis  Freseniana,  De  Bary.    Bussey  Inst.    On  horse-dung. 

MoRTiERELLA  POLYCEPHALA,  Van  Ticghcm.  Bussey  Inst.  On 
horse-dung. 

PiLO BOLUS  CRYSTXLLiNus,  Tode.  Busscy  Inst,  and  Cambridge. 
On  horse-dung.     Very  common. 
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PERONOSPORE-ffi. 

Ctstopus  oandidus,  Lev.  fiossey  Inst.  ;  Wood's  Hole ;  Newton. 
Common  on  cruciferous  plants.  Oospores  on  Sinapis  nigra.  Noank, 
Conn. 

Cystopus  cubicus,  Lev.  Conidia  and  oospores  on  Ambrosia  artemi- 
siffifolia.     Newton. 

Cystopus  Bliti,  Bivon.  Common  near  Boston  on  species  of  ama- 
ranth. 

Peronospora  infestans,  Mont.     Common  on  potatoes  near  Boston. 

Peronospora  viticola,  B.  &  C.  On  wild  and  cultivated  grape-vines. 
Common  near  Boston. 

Peronospora  nivea,  Unger.  Cambridge,  near  Fresh  Pond ;  Wood*s 
Hole.     On  leaves  of  Geranium  maculatum. 

Peronospora  oanoliformis,  Berk.  Common  on  lettuce,  Water- 
town.     On  Nabalus  albus.     Wood's  Hole. 

Peronospora  parasitica*  Pers.  On  Lepidium  Yirginicum.  Noank, 
Conn. 

Peronospora  EFFus A,  Grev.    On  leaves  of  Plantago  major.    Newton. 

UREDINE-ffi. 

Uromtces  macrospora,  B.  &  C.  On  Lespedeza  capitata.  Newton ; 
Bussey  Woods. 

Uromyces  Ari  (Schw.).  On  Arisaema  triphyllum.  Common  near 
Boston. 

Uromyces  appendiculata,  Lev.     Bussey  Inst.     On  bean-leaves. 

Uromyces  apiculosa.  Lev.     On  clover. 

Uromyces  Hyperici  (Schw.).    Bussey  Woods. 

Melampsora  salicina,  Lev.  On  willows.  Very  common  near  Bos- 
ton. 

Melampsora  betulina,  Desm.     On  birches.     Common  near  Boston. 

Melampsora  populina,  Lev.     On  Populus.     Common  near  Boston. 

PucciNiA  VARIABILIS,  Gfcv.     On  Nabalus  albus.     Wood's  Hole. 

PucciNiA  VALANTiiE,  Pcrs.     On  Galium.     Bussey  Woods. 

PucciNiA  CiRCEiE,  PcFS.     Ou  CircflBa  Lutetiana. 

PuccixiA  Helianthi,  Schw.  On  leaves  of  Helianthus  annuus. 
Noank,  Conn.     Bussey  Inst. 

PucciNiA  Prunorum,  Lk.  On  Prunus  serotina,  and  other  species 
of  Prunus.     Common  near  Boston. 

PucciNiA  STRIOLA,  Lk.     On  species  of  Carex.     Bussey  Woods. 

Puccinia  Graminis,  Pers.     Everywhere. 

PucciNiA  SORGHI,  Schw.      NcwtoU. 

Puccinia  Asteris,  Schw.     On  leaves  of  Aster.     Newton. 
Puccinia  Peckiana,  Howe.    On  Rubus  occidentalis.    Bussey  Woods. 
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Puccini  A  Anemones,  Pers.  On  Anemone  nemorosa.  Newton  ;  Bus- 
sey  Woods.     On  Thalictrura  cornuti,  New  Haven,  Conn. 

Phragmidium  triarticulatum  (B.  &  C).  Newton.  Common  on 
leaves  of  Potentilla  Canadensis. 

Phraomidium  MUCRONATUM,  Lk.  On  cultivated-rose  leaves.  Bussey 
Inst.;    Newton. 

PoDisoMA  MACROPUS)  Schw.  On  Junipenis  Yirginiana.  Common 
near  Boston. 

Cronartium  asclepiadeum,  Fr.    On  Comptonia  asplenifolia.    New« 

ton  ;  Wood's  Hole. 

* 

Imperfect  Forms  bblongino  to  thb  Urbdinea  not  inoludbd  in  thb 

Species  enumerated  above. 

^ciDiuM  MYRiCATDM,  Schw.  On  leaves  and  stems  of  Myrica  ce- 
rifera.     Wood's  Hole.     August. 

^ciDiiTM  CONORUM  PicEiB,  Rees.  Thls  rare  fungus  was  found  on 
two  green  cones  of  Abies  excelsa,  Newton,  July,  1874.  It  is  certainly 
an  secidial  form,  as  has  been  shown  by  Rees. 

Urbdo  Vacciniorum,  Schw.    Bussey  Woods. 

USTILAGINE^. 

USTILAOO  8EGETUM,  PcrS.      Ncwtou. 

UsTiLAGO  Maydis,  Lcv.     Commou  on  com.    Everywhere. 
UsTiLAOO  UTRicuLOSA,  Tul.    On  Polygonum.    Jamaica  Plain,  Mass. 
Urocystis  occulta,  Preuss.     On  rye.    Newton. 
Urocystis  pompholigodes,  Sch.     On  leaves  and  petioles  of  Ane- 
mone nemorosa.    Bussey  W^oods. 

BASIDIOMYCETES. 

Sub-order  G aster omycetes, 

SpHiEROBOLUs  8TBLLATU8,  Tode.    Ncwtou;  Wood's  Holc.    Common. 
Cyathus  striatus,  Hoffm.    Bussey  Woods. 
Crucibulum  vuloare,  Tul.     Common  on  sticks  near  Boston. 
Mitrbmyces  lutescens,  Schw.    Newton.    Rare.    New  Haven.    Prof. 
D.  C.  Eaton. 
Scleroderma  vuloare,  Fr.     Common  near  Boston. 
Bo  VISTA  plumbea,  Pers.     Wood's  Hole;  Gay  Head. 
Lycopbrdon  pyriformb,  Schseff.     Conmion  near  Boston. 
Lycoperdon  oemhatum,  Batsch.     Common  near  Boston. 
Lycopbrdon  ccelatum,  Bull.     Wood's  Hole.     Common.    Newton. 
Lycoperdon  Bo  vista,  L.     Ne¥rton.    Not  common.     Cambridge. 
Phallus  impudicus,  L.     Common  near  Boston;  Wood's  Hole. 
Phallus  indusiatus,  Bosc.    New  Haven,'  Conn.    Prof.  D.  C.  Eaton. 
VOL.  I.  65 
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Sub-order  Eymenomycetes, 

Dacrtmtces  8TILLATU8,  Fr.     CommoD  near  Boston. 

Tremblla  FOLiACEAf  Pers.     Common  near  Boston. 

Calocera  cornea,  Fr.    Newton. 

CukVAKiA  BoTRYTis,  Pers.     Newton ;  Wood's  Hole. 

Clavaria  CRisTATAf  Holmsk.     Wood's  Hole. 

Clavaria  FORMOSA,  Pcrs.     Newton;  Wood's  Hole. 

Clavaria  abietina,  Scham.     Newton;  Wood's  Hole. 

Clavaria  ametiitstina,  Bull.     Newton;  Wood's  Hole. 

Clavaria  fusiformis,  Sow.     Newton. 

Cyphella  fulva,  B.  &  R.    Bussey  Woods. 

SoLENiA  VILL08A,  Fr.     Newtou. 

CoRTiciuM  AMORPHUM,  Fr.     On  spruce.    Newton. 

CoRTiciuM  Oakesii,  B.  &  C.     Newton. 

Stereum  complicatum,  Fr.     Bussey  Woods. 

Stereum  purpureum,  Pers.     Common  near  Boston. 

Stereum  hirsutum,  Fr.     Common  near  Boston. 

Stereum  acerinum,  Fr.     Newton. 

Stereum  tabacinum,  Fr.     Newton. 
^    Thelephora  anthockphala,  Bull.     Wood's  Hole;  Newton. 

Thelephora  Cladonia,  Fr.     Wood's  Hole. 

Thelephora  pallida,  Schw.     Wood's  Hole;  Newton.     Common. 

Thelephora  terrestris,  £hr.     Wood's  Hole. 

Craterellus  cornucopioides,  Pers.     Common  near  Boston. 

Kneiffia  setigera,  Fr.     Newton. 

Irpex  sinuosus,  Fr.     Common  near  Boston. 

Irprx  cinnamomeus,  Fr.     Common  near  Boston. 

Hydnum  imbricatum,  L.     Wood's  Hole.     Common. 

Hydnum  repandum,  L.     Common  near  Boston. 

Hydnum  compactum,  Fr.     Wood's  Hole;  Newton.    Not  very  com- 
mon. 

Hydnum  aurantiacum,  Fr.    Newton. 

Hydnum  ferruoineum,  Fr.    Newton;  Wood's  Hole.    Not  uncommon. 

Hydnum   zonatum,  Batsch.     Wood's  Hole ;  Newton.     More  com- 
mon than  the  last. 

Hydnum  adustum,  Schw.    Newton.     Tolerably  common. 

Hydnum  auriscalpium,  L.     On  fir-cones.     Wood's  Hole. 

Hydnum   (Hydnoglceum,   Curr.)  gelatinosum.  Scop.      Winchester, 
Mass. 

Hydnum  ochraceum,  Pers.     Common  near  Boston. 

FisTULiNA   hepatica,  Fr.     On  stumps.     Newton.     Mason's  Island, 
Conn.     Not  common. 

Merulius  lacrymans,  Schum.     Very  common  in  cellars. 

Glceoporus  nioropurpurescbns,  Schw.    Newton.    Tolerably  eom- 
inon. 


r 


BULLETIN  OP  THB  BUSSBT  INSTITUTION.  435 

D^DALEA  CONFRAOOSA,  P.    Newton ;  Bussey  Woods. 

DiEDALEA  UNicoLOR,  Fr.     Everywhere  common  on  stamps. 

PoLTPORUS  YAPORARius,  Fr.     Newton.     Common. 

PoLYPORUS  VULGARIS,  Fr.     CommoR  near  Boston. 

PoLYPORUS  MEDULLA-PANI8,  Fr.     Newton. 

PoLYPORUS  MuciDUS,  Fr.     Newton. 

PoLYPORUS  COXTIGUU8,  Fr.     Newton.     Common. 

PoLYPORUS  PEROAMENEU8,  Fr.     Bussey  Woods. 

PoLYPORUS  VERSICOLOR,  Fr.     Everywhere. 

PoLYPORUS  niRSUTuSf  Fr.     Common  near  Boston. 

PoLYPORUS  ciNNABARiNus,  Fr.     NewtoR,  on  cherry-trees.     Not  very 
common  near  Boston. 

PoLYPORUS  lONiARius,  Fr.     Ncwton;  Bussey  Woods. 

PoLYPORUS  FOMKNTARius,  Fr.    Everywhere  common. 

PoLYPORUs  coNCHiFERf  Schw.     CommoR  oif  elm-trees  near  Boston. 

PoLYPORUS  ADU8TU8,  Fr.    Busscy  Woods. 

PoLYPORUS  GILVU8,  Fr.     Ncwton. 

PoLYPOKUS  LACTEUS,  Fr.    Newton. 

PoLYPORUS  KPiLEucus,  Fr.    Bussey  Woods.     Common. 

PoLYPORUS  SULFUREU8,  Fr.     Newton;  Bussey  Woods. 

PoLYPORUS  CRisTATUS,  Fr.     NewtoR.     Not  common. 

PoLYPORUS  FRONDOsus,  Fr.    Bussey  Woods. 

PoLYPORUS  LUCiDUS,  Fr.     Cambridge;  Winchester. 

PoLYPORUS  CuRTisii,  Berk.     Newton. 

PoLYPORUS  ELBOANS,  Fr.     Common  near  Boston. 

PoLYPORUs  BoucHEANus,  Fr.     NcwtoR ;   Wood's  Hole.    Tolerably 
common. 

PoLYPORUs  PERENNis,  Fr.     Ncwtou;  Wood's  Hole.     Common. 

PoLYPORUS  ScHWEiNiTzii,  Fr.    Newtou;  Bussey  Woods;  Cambridge, 
near  Fresh  Pond. 

PoLYPORUS  LuciDus,  B.  &  C.    Near  Bussey  Inst 

Boletus  strobilaceus,  Scop.   Newton.   Rare.    Wood's  Hole.    Com- 
mon. 

Boletus  scaber,  Bull.     Common  near  Boston. 

Boletus  edulis,  Bull.     Common  near  Boston. 

Boletus  luridus,  Sch«ff.     Newton;  Wood's  Hole. 

Boletus  purpureus,  Fr.     Newton;  Wood's  Hole. 

Boletus  retipes,  B.  &  C.     Cambridge. 

Boletus  parasiticus,  Bidl.     On    Scleroderma.     Cambridge,   near 
Fresh  Pond. 

Boletus  bovinus,  L.     Newton.     Common. 

Lenzitks  tricolor,  Fr.     Newton.     Common. 

Lenzites  betulina,  Fr.     Everywhere. 

Lenzites  Rerkeleii,  Lev.     Bussey  Woods. 
'  Lenzites  Crat^kgi,  Berk.     Newton;  Bussey  Woods. 

Lenzites  sepiaria,  Fr.     Common  near  Boston. 
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ScHizoPHTLLUM  COMMUNE,  Fr.     CommoD  near  Boston. 

Xerotus  nigrita,  Lev.     Bussey  Woods;  Eastport,  Me. 

Panus  CONCHATU8,  Fr.     Newton. 

Panus  8TYPTICU8,  Fr.     Common  everywhere  near  Boston. 

Lentinus  Lecontei,  Fr.     Bussey  Woods. 

Marasmius  oreades,  Fr.     Common  near  Boston. 

Cantharellus  ciBARiuSf  Fr.    Wood's  Hole. 

Cantharellus  TUBiEFORMis,  BuU.     Newton.     Common. 

Cantharellus  (Trogia)  crispus,  Fr.    Newton;  Bussey  Woods. 

RussuLA  ALUTACEA,  Fr.     Common  near  Boston. 

RussuLA  EMETiCA,  Fr.     Newton. 

RussuLA  VIRE8CEN8,  Fr.     Wood's  Hole;  Newton.     Common. 

Lactarius  PIPERATU8,  Fr.     Common  near  Boston. 

Lactarius  VELLEREU8,  Fr.     With  the  last. 

Lactarius  Indigo,  Fr.'    Wood's  Hole. 

Lactarius  subdulcis,  Fr.    Common  near  Boston. 

Hygrophorus  CINNABARINU8,  Fr.     Wood's  Hole. 

Hygropuorus  coccineus,  Fr.    Common  on  moss  near  Boston. 

Hygrophorus  psittacinus,  Fr.     Newton. 

CoRTiNARius  viOLACEUS,  Fr.     Wood's  Hole.    Common. 

CoRTiNARius  SANGUINEUS,  Fr.     Ncwtou.     Common. 

Coprinus  comatus,  Fr.     Cambridge,  in  gardens.     Not  common. 

CopRiNUS  ATRAMENTARius,  Bull.     Cambridge. 

Coprinus  micaceus,  Fr.     Common  near  Boston. 

Coprinus  radiatus,  Bolt.     Common  on  horse-dung. 

Agaricus  fascicularis,  Huds.     Very  common. 

Agaricus  sylvaticus,  Schaeff.     Wood's  Hole. 

Agaricus  campestris,  L.     Common. 

Agaricus  tener,  Schseff.     Common. 

Agaricus  squarrosus,  Miill.     Bussey  Woods. 

Agaricus  prunulus,  Scop.    Newton. 

Agaricus  ostreatus,  Jacq.     Newton. 

Agaricus  laccatus,  Scop.     Very  common. 

Agaricus  melleus,  Vahl.     Very  common. 

Agaricus  granulosus,  Batsch.     Winchester,  Mass. 

Agaricus  cristatus.  Bolt.    Newton. 

Agaricus  procerus,  Scop.     Wood's  Hole.    Common. 

Agaricus  vagixatus,  Bull.     Newton.     Common. 

Agaricus  strobiliformis,  Vitt.     Newton. 

Agaricus  muscarius,  Fr.    Common  near  Boston. 
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ASCOMYCETES. 

Sub-order  Perisporiacea, 

SpH-fiROTHECA  Castaonei,  Lcv.  On  Bidens  frondosa,  Taraxacum, 
aiid  Spiraea  opulifolia.     Near  Boston.     Common. 

Phyll ACTINIA  GUTTATA,  Lcv.  On  Quercus,  Alnus,  Corylus,  and  Car- 
pinus  leaves.     Very  common.     Also  on  barberry-leaves.     Newton. 

Uncincla  adunca,  Lev.     On  willow-leaves.     Common. 

Uncinui.a  spiralis,  B.  &  C.     On  grape-vines,  Amherst,  Mass. 

Uncinuijl  ciRCiNATA,  C.  &  P.  On  leaves  of  Acer  rubrum.  Common 
near  Boston. 

PoDOSPHiERA  KuNKEi,  Lev.  On  Spiraea  salicifolia  and  S.  tomentosa, 
and  on  different  species  of  Pruuus.     Common. 

MiCROSPH^RiA  RussELLii,  Clinton.     On  Oxalis  stricta.    Newton. 

MiCROSPHiERiA  EXTENSA,  C  &  P.     On  oak-lcaves,  near  Bussey  Inst. 

MiCROSPHiERiA  PULCHRA,  C.  &  P.  On  Comus  alternifolia.  Common 
near  Boston. 

MiCROSPHiEKiA  Hedwioix,  Lev.  On  Sambucus  Canadensis,  near 
Bussey  Inst. 

MicRosPHJCRiA  PENiciLLATA,  Lev.     On  Carpinus,  near  Bussey  Inst. 

MiCROSPH^RiA  Friesii,  Lev.  On  Syringa  vulgaris.  Common  near 
Boston. 

EuYsiPHE  LAMPROCARPA,  Lcv.     Common  on  Compositae. 

Erysiphe  Martii,  Lk.     On  peas.     Bussey  Inst. 

Erisiphe  communis,  Schl.  On  Baptisia  tinctoria.  Ranunculus,  Che- 
lone  glabra,  &c.     Common. 

EuROTiuM  HERBARiORUM,  Lk.     Everywhere. 

Sub-order  Tuheracece, 

Elaphomyces  varieoatus,  Vitt.     Newton.     Rare. 
Elaphomyces  granulatus,  Fr.     Bussey  Woods,  Jan.,  1876. 
Peniciluum  crustaceum,  Fr.     Everywhere. 

Sub-order  HelceUareas. 

MoRCHELLA  KscuLKNTA,  Pefs.     Ncwton.     Not  very  common. 

Geoglossum  hirsutum,  Pers.     Newton;  Wood's  Hole.     Common. 

MiTRULA  PALUDOSA,  Fr.     Newtou.     Common. 

Leotia  lubrica,  Pers.     Common  near  Boston. 

Peziza  hemispherica,  Wigg.     Wood's  Hole. 

Peziza  macropus,  Pers.     Newton;  Wood's  Hole. 

Peziza  scutkllata,  L.     Common  near  Boston. 

Peziza  aurantia,  Fr.     Common  on  the  ground  near  Boston. 

Peziza  iERUGixosA,  Fr.     Common  near  Boston. 

Peziza  vulgaris,  Fr.     Common  near  Boston. 

Peziza  nivea,  Fr.    Common  near  Boston. 
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Pezi^a  virginea,  Batsch.    Wood's  Hole. 

AscoBOLUS  FURFURACEU8,  Pers.     On  dung.    Bussey  Inst 

Bulgaria  inquinans,  Fr.     Newton;  Wood's  Hole. 

Bulgaria  sarcoides,  Fr.     Newton. 

ExoASCus  pRUNi,  FuckeL     On  plums.    Cape  Ann. 

Sub-order  Phacidiacei, 

RuYTisMA  SoLiDAOiNis,  Schw.    Wood's  Hole. 
Rhytisma  acerinum,  Fr.     Newton.     Common. 

Sub-order  Pyrenomycetes, 

ToRRUBiA  Sphixgum,  TuL     Wood's  Hole.     Not  common. 

ToRRUBiA  MiLiTARiSf  Fr.     Rather  common  near  Boston. 

ToRRUBiA  OPHIOGLOSSOIDES,  Tul.  On  Elaphomycos  variegatus. 
Newton.     Rare. 

ToRRUBiA  CAPiTATA,  Fr.  On  Elaphomyces  granulatus.  Bussey 
Woods.    Not  common. 

Clawceps  PURPUREA,  Tul.     On  Glyceria  and  rye.    Common. 

Hypomyces  Lactifluorum  (Schw.).     Common  near  Boston. 

Hypomyces  luteo-virens,  Tul.     On  Boletus.    Common  near  Boston. 

Hypomyces  chrysospermus,  Tul.     Common  near  Boston. 

Hypomyces  asterophorus,  Tul.  On  Nyctalis.  Newton.  Wood's 
Hole. 

Nectria  cinnabarina,  Fr.     Very  common  on  dead  twigs. 

Xylaria  polymorph  a,  Grey.     On  stumps.    Common. 

Xylaria  hypoxylon,  Grev.     Common. 

UsTULiNA  VULGARIS,  Tul.    Commou  on  dead  wood. 

Hypoxylon  coccineum,  Bull.    Bussey  Woods. 

Hypoxylon  fuscum,  Fr.     Common  on  dead  wood. 

Hypoxylum  nummalarium,  Bull.     Common. 

DoTHiDEA  Ulmi,  Fr.     Very  common. 

DoTHiDEA  GRAMiNis,  Fr.     Everywhere. 

Dlatrype  STIGMA,  Fr.    Common. 

DiATRYPE  DisciFORMis,  Fr.    Common. 

SpHiERiA  MORBOSA,  Schw.     Very  common  on  plum  and  cherry  trees. 

SPHiERIA  SUBICULATA,  Schw.      NcwtOU. 

SpHiERiA  PoTENTiLLiE,  Schw.    Common  on  p.  Canadensis. 
CucuRBiTARiA  BERBERiDis,  Gray.    Busscy  Woods. 
Pleospora  herbarum,  Rabh.    Everywhere. 
Pleospora  clavariarum,  Tul.     Bussey  Woods. 
MoNOSPORA   vulgaris,   Tul.     On    conidia    of    Torrubia   militaris. 
Newton. 

Imperfect  Forms. 

DiPLODiA  megalospora,  B.  &  C.     On  spruce  cones.    Newton. 
Pestalozzia  Guepini,  Desm.     On  cranberry  leaves.    Newton. 
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BoTRTOSPORiuM  FULCHRUMf  Corda.    On  Dahlia  stems.    NewJ^n. 
Helminthosporium  lnflatum,  B.  &  C.     Newton. 
Streptothrix  atra,  B.  &  C.     On  Juniperus   Virginiana.    Newton. 
Common. 
Rhinotrichum  Curtisii,  B.    On  dead  wood.    Newton.    Wood's  Hole. 
Zygodesmus  OLIVA8CEN8,  B.  &  C.    On  the  ground.     Wood's  Hole. 
Zyoodesmus  FU8CU8,  Corda.     Newton.    Wood's  Hole. 
Tricotuecium  roseum,  Fr.     Common,  Bussey  Institution. 
Arthrobotrys  0LI608P0RA,  Fres.     Bussey  Institution. 
YoLUTELLA  ciUATA,  Fr.     On  potatoes.    Bussey  Institution. 
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No.  24.  —  The  Black  Knot.    By  W.  G.  Fablow,  Assistant 
Professor  of  Botany  in  Harvard  University. 

Without  doubt,  the  most  striking  disease  of  vegetable  origin  occur- 
ring on  fruit-trees  in  this  country  is  that  commonlj  known  as  the  bladt 
knot.  The  disease  takes  its  name  from  the  unsightly,  black,  wart-like 
excrescences  with  which  every  one  is  familiar  on  plum-trees  and  differ- 
ent kinds  of  wild  and  cultivated  cherries.  It  is  found  in  all  parts  of  our 
country  east  of  the  Rocky  Mountains,  and  is  so  common  and  destruc- 
tive, that,  in  some  districts,  one  seldom  sees  a  plum-tree  free  from  the 
knot  An  idea  may  be  formed  of  the  small  crop  of  plums  now 
raised  in  New  England  from  the  fact,  that  two  dollars  and  a  half  were 
given  in  Boston  last  autumn  for  a  peck  of  damsons  for  preserving^ 
In  some  parts  of  New  England,  particularly  in  Maine  and  along  the 
sea-coast,  the  raising  of  cherries  has  also  been  almost  abandoned  in 
consequence  of  the  ravages  of  the  black  knot.  The  disease  is  pe- 
culiar to  America,  and  has  been  the  bane  of  fruit-growers  from  early 
times;  but,  although  much  has  been  written  in  agricultural  papers 
about  its  injury  to  the  fruit  crop,  the  subject  has  been  almost  entirely 
neglected  by  botanists.  In  the  present  paper,  we  shall  consider  the 
cause  and  prevention  of  the  knot,  and  the  question  whether  the 
disease  is  the  same  on  plums  and  cherries.  As  a  preliminary  step,  it 
will  be  well  to  trace  the  development  of  the  knot  as  it  occurs  on  a 
single  species,  and,  for  this  purpose,  the  choke  cherry,  Prunus  Fir- 
ginianay  L.,  may  be  selected. 

The  choke  cherry  abounds  in  all  the  hedges  and  thickets  of  New 
England,  and  is  recognized  by  its  thin  ovate  or  obovate,  abruptly  acu- 
minate leaves,  and  reddish,  harsh-tasting  fruit,  in  racemes.  In  winter, 
its  branches  are  generally  plentifully  covered  with  the  knots,  which 
are  partly  concealed  by  the  foliage  in  summer.  They  are  black, 
and  vary  in  size  from  half  an  inch  to  eight  or  ten  inches,  or  even  a 
foot,  in  length,  and  are  about  two  inches  in  circumference.  In  some 
cases,  they  completely  surround  the  branch  on  which  they  are  growing, 
but  more  frequently  they  extend  only  part  way  round ;  their  course, 
when  very  long,  being  usually  somewhat  spiral  round  the  stem.   If  they 
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extend  completely  or  nearly  completely  roand  the  branch,  the  portion 
above  the  knot  dies.  Frequently  the  upper  part  of  the  stem  bends  over 
80  as  to  form  a  right  angle  with  the  lower  part,  and  sometimes  the  portion 
involved  in  the  knot  forms  an  irregular  coil.  The  surface  of  the  knot 
is  undulated,  and  flakes  of  bark  not  uufi*equently  adhere  to  it.  In 
winter,  it  is  more  or  less  cracked  and  broken  open,  and  the  inside  is 
seen  to  be  worm-eaten  and  hollow,  except  the  woody  portion  of  the 
stem,  which  passes  through,  comparatively  sound,  generally  on  one 
side  of  the  knot. 

Below  and  above  the  knot,  unless  the  branch  above  have  been 
completely  killed,  the  stem  is  swollen  for  from  half  an  inch  to  two 
inches,  rarely  for  a  greater  distance.  Under  the  microscope,  sections 
show,  that,  although  the  bark  has  been  cracked  in  several  places  by 
the  expansion  of  the  stem,  yet  a  new  layer  of  bark  has  formed  over 
the  exposed  portions.  An  abundance  of  mycelial  threads  are  seen 
extending  in  streaks  from  the  cambium  towards  the  cuticle.  At  their 
outer  extremity  the  bundles  of  mycelial  threads  spread  out  into  fan- 
shaped  masses,  as  shown  in  Plate  VI.,  Fig.  1.  The  threads  are  hyaline, 
very  fine,  .0007  mm.  in  diameter,  and  are  most  intricately  twisted  to- 
gether in  bundles,  so  that  it  is  almost  impossible  to  say  whether  there 
are  any  cross  partitions  in  them.  In  longitudinal  sections,  it  is  easy 
to  see  that  they  begin  in  the  cambium,  and  radiate  outwards.  The 
threads  are  found  only  in  the  swollen  part  of  the  stem ;  and  on  the 
most  careful  search  we  have  been  unable  to  detect  any  in  the  stem, 
just  below  the  swelling. 

CoNiDiA.  —  As  spring  advances,  the  mycelial  threads  increase  in  size, 
burst  through  the  bark,  and  then  form  the  dense  pseudo- parenchym- 
atous tissue  characteristic  of  the  Pyrenomycetes  when  about  to 
fructify.  The  knot  grows  larger,  until,  about  the  time  the  choke 
cherry  flowers,  it  has  nearly  the  same  diameter  as  the  knot  of  the  year 
before,  of  which  it  is  an  extension.  It  is  not,  however,  black,  but 
a  very  dark  brownish  green.  It  is  solid,  rather  pulpy,  and,  on 
section,  a  number  of  radiating  lines  Hre  seen,  as  shown  in  Plate  IV., 
Figs.  2  and  3.  With  a  hand  lens,  one  can  see  small  hemispherical 
protuberances,  which  are  the  beginnings  of  the  perithecia.  The 
whole  surface  of  the  protuberances  is  covered  with  filaments  (Plate  V., 
Fig.  2  ^),  about  .04  mm.  to  .06  mm.  in  height,  and  .004  mm.  in  breadth, 

which  are  somewhat  flexuous,  and  frequently  divided  by  cross  parti- 
voL.  I.  56 
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tions.  The  filaments  are  more  fi-equentlj  simple,  but  sometimes  branch. 
At  the  tip  of  the  terminal  joint,  or  more  freqaenlly  a  little  to  one  side, 
is  borne  a  spore,  .006  mm.  in  length,  ovate,  and  rather  sharply 
pointed  at  the  lower  end.  Not  unfrequently  two  or  three  spores  are 
borne  on  the  upper  joint,  and  others  may  also  be  produced  on  some 
of  the  lower  joints.  We  have  never  seen  any  cross  divisions  in  the 
oonidial  spores,  which  &11  very  easily  from  their  attachments.  The 
conidia  which  we  have  just  described  spring  directly  from  the  surface 
cells  of  the  perithecia.  They  continue  to  bear  their  spores  until  the 
latter  part  of  summer,  when  they  begin  to  dry  up,  and,  as  winter  sets 
in,  one  finds  only  their  shrivelled  remains.  The  conidia,  it  will  be 
seen,  are  of  that  form  which  constitutes  the  genus  dadosporium  of 
the  older  mycologists,  or  at  times  the  threads  are  so  fiexuous  as  to 
remind  one  of  species  of  Streptothrix,  The  genus  Cladosporium^ 
long  ago  lost  all  claims  to  autonomy,  the  forms  included  in  it  having 
been  shown  by  Tulasne  and  others  to  be  the  secondary  forms  of 
different  SphceriaceiE,  Streptothrix^  represented  by  S,  atrcL,  B.  and  C^ 
a  common  species  of  this  country,  will  in  all  probability  soon  share  the 
fate  of  Cladosporium. 

AscosPORKS.  —  As  the  summer  advances,  the  knot  grows  larger, 
harder,  and  more  brittle,  and  is  usually  Attacked  by  insects  of  different 
species,  which  destroy  the  central  part  of  the  knot,  leaving  the  black 
outer  shell. 

It  is  not  until  winter,  however,  that  the  spores  are  produced  in 
the  asci  of  the  fungus.  If  we  make  a  section  of  the  outer  part  of 
the  knot  late  in  the  autumn  or  early  in  the  winter,  we  shall  find  that 
the  perithecia  are  so  far  developed  that  one  can  see  the  young  hyaline 
asci  which  line  them.  We  have  made  no  search  for  a  carpogone,  as 
it  is  evident  that  the  fungus  under  consideration,  owing  to  its  dense, 
opaque  substance,  is  one  of  the  least  favorable  for  the  study  of  that 
organ.  The  asci  grow  slowly  during  the  winter,  and  about  the  middle 
of  January  the  spores  begin  to  ripen.  In  the  month  of  February, 
they  are  found  in  perfection ;  but  late  in  spring  they  are  not  so 
abundant,  or  in  such  good  condition.  We  first  found  a  few  ripe  spores 
on  the  1 7th  of  January ;  and,  in  the  second  week  of  February,  most 
of  the  knots  examined  contained  ripe  spores.  In  the  manner  of  their 
production  in  the  asci,  the  present  spores  do  not  differ  from  those  of 
the  other  Pj^renomt/cetes,     There  are  eight  in  each  ascus,  and  they 
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are  discharged  through  a  terminal  pore.  They  are  often  arranged  in 
a  regular  row,  but  quite  as  often  they  overlap  one  another  irregu- 
larly. The  asci  themselves  are  about  .12  mm.  long,  and  are  rather  ab- 
ruptly contracted  at  the  base.  The  paraphyses  are  longer  than  the 
asd,  nnbranched,  and  club-shaped  at  the  tip.  The  spores  measure 
from  .016  mm.  to  .02  mm.  in  length,  and  from  .008  mm.  to  .010  mm. 
in  breadth.  They  are  two-parted,  as  shown  in  Plate  VL,  Figs.  5  and  6  ; 
one  division  being  uniformly  much  smaller  than  the  other,  and  not  more 
than  one  quarter  or  one  third  as  long.  The  spores  are  transparent, 
and  slightly  granular.  As  they  lie  in  the  ascus,  the  small  end  almost 
invariably  points  downward.  Spores  which  ripen  in  February  ger- 
minate in  the  course  of  from  three  to  five  days,  when  kept  suffi- 
ciently moist.  The  first  germinal  tube  grows  invariably  from  the 
larger  of  the  two  divisions  of  the  spore,  and  generally  at  the  end 
farthest  removed  from  the  smaller  division ;  a  second  tube  grows  from 
the  smaller  end ;  and  not  unfrequently  others  grow  from  the  sides 
of  the  larger  division.  It  must  be  remarked,  that  the  germinating 
threads  have  a  diameter  three  or  four  times  as  great  as  that  of  the 
hyphffi  in  the  knot  itself. 

Stylospores.  —  Besides  the  perithecia,  with  their  asci  and  spores, 
there  are  other  reproductive  bodies  found,  but  not  so  frequently  as  the 
former.  Between  the  ascus-bearing  perithecia,  we  occasionally  find 
cavities  whose  walls,  not  so  thick  as  those  of  the  perithecia,  are  lined 
with  the  stylospores,  represented  in  Plate  V.,  Figs.  4  and  5.  They 
sometimes  cover  the  whole  surface  of  the  cavity  ;  but  more  frequently, 
they  are  in  tufts,  or  on  a  sort  of  irregular  placenta,  which  forms 
ridges  on  the  walls.  The  stylospores,  using  Tulasne*s  nomenclature, 
are  on  very  slender  hyaline  pedicels  of  different  lengths.  They  are 
oval,  .012  mm.  long,  by  .006  mm.  broad,  and  divided  by  cross  parti- 
tions into  three  parts.  When  perfectly  ri[)e,  they  are  of  a  slightly 
yellowish  tinge.  The  stylospores  are  of  that  form  which  was  classed  by 
older  writers  under  the  genus  Hendersonid,  which,  like  Cladosporium, 
is  now  recognized  only  as  a  secondary  form  of  certain  Sphaerxacett. 
We  are  not  able  to  refer  the  present  form  to  any  described  species  of 
ffendersontOy  and  none  has  hitherto  been  supposed  to  be  associated 
with  the  fungus  causing  the  knot. 

Spermaoonia.  Ptcnidia.  —  In  winter  and  spring  we  find,  besides 
the  asci  and  the  stylospores,  bodies  which  must  be  classed  under  the 
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bead  of  spermagonia.  Plate  VJ.,  Fig.  2,  represents  a  section  through 
a  cavity  hardly  distlDguis^hable  externally  from  the  perithecia,  which, 
instead  of  being  filled  with  asci,  is  lined  with  slender  filaments,  whose 
tips  are  somewhat  incurved,  and  easily  break  off,  the  central  part  of 
the  sac  being  filled  with  them.  We  call  these  spermagonia,  from  their 
resemblance  to  the  bodies  of  the  same  name  in  lichens.  They  are  much 
less  common  than  the  conidia,  or  stylosporei<.  Interspersed  amongst 
the  ascus-bearing  perithecia,  one  finds,  tolerably  frequently,  still  other 
cavities  which  are  much  more  flattened  than  the  perithecia ;  which 
often,  instead  of  appearing  oval,  on  section,  seem  almost  triangular. 
They  are  lined  with  short,  delicate  filaments,  which  end  in  a  minute 
oval,  hyaline  body.  These  small  oval  bodies  are  produced  in  inuneose 
numbers,  and  are  discharged  not  singly,  but  in  masses.  They  are 
more  or  less  closely  held  together  by  a  sort  of  jelly,  and  ooze  out 
from  the  cavity  in  which  they  were  produced  in  the  form  of  tendrils ; 
reminding  one  of  the  toy  called  "  Pharaoh's  serpent."  We  have  watched 
the  emptying  of  these  bodies,  to  which  we  must  apply  the  somewhat 
vBgue  name  of  pycnidla,  and  have  found  that  it  sometimes  takes  as 
long  as  two  minutes  for  them  to  discharge  their  contents. 

If  we  turn  now  from  the  knot  on  the  choke  cherry  to  that  on  the 
cultivated  cherry  and  plum,  we  find  a  slight  difference  of  aspect,  so 
that,  without  much  trouble,  one  can  say  whether  a  certain  knot  comes 
from  a  cherry  or  a  plum  tree.  The  diflTerence  is,  however,  slight,  and 
not  greater  than  would  arise  from  the  different  character  of  the  bark 
through  which  the  fungus  has  to  make  its  way.  A  microscopic 
examination  of  the  knot,  in  its  different  stages,  shows  absolutely  no 
difference  between  the  fungus  on  cherries  and  on  plums.  The  conidia 
are  the  same,  and  appear  at  about  the  same  time ;  the  ascospores  are 
identically  the  same  in  both  cases,  and  ripen  at  the  same  time ;  and 
the  mycelium  is  the  same.  In  short,  the  microscope  foils  to  show  any 
difference ;  and,  if  to  the  naked  eye  there  appears  to  be  any,  it  is, 
as  we  have  said,  owing  either  to  the  different  histological  character 
of  the  stems  of  the  two  trees,  or  to  the  greater  luxuriance  of  the 
growth  on  one  tree  than  on  the  other.  On  the  whole,  the  fungus 
does  not  thrive  so  well  on  the  plum  as  on  the  choke  cherry,  as  is 
shown  by  the  fact  that  fewer  perithecia  are  formed  on  the  former 
than   on    the   latter,  —  a    fisict    observed   long  ago   by    Schweinitz. 
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The  knot  on  the  plum  is,  moreover,  attacked  early  in  the  season  by 
insects,  which  modifies  its  development  to  a  certain  extent.  The  cur- 
culro,  whit  h  makes  its  appearance  early  in  July,  stings  the  knots  as 
well  as  the  plums,  and  in  the  middle  of  July  there  exudes  from  both 
a  gummy  substance  in  great  abundance.  This  gummy  substance  in  a 
few  days  becomes  covered  with  the  common  mould,  Tricolhecium 
rosevTJtf  Lk.,  which  gives  its  pinkish  tinge  to  a  large  part  of  the  sur- 
face of  the  knot  On  some  plum-trees,  one  can  hardly  find  a  knot 
which  has  not  some  of  the  pinkish  color  caused  by  the  presence  of  the 
Tricothecium,  which  has  no  organic  connection  whatever  with  the 
fungus  which  causes  the  knot,  but  is  simply  parasitic  on  it.  It  is 
probably  owing  to  the  fact  that  the  curculio  stings  the  knots,  that  so 
many  persons  have  been  led  to  believe  that  the  knots  themselves  are 
of  insect  origin.  We  were  greatly  astonished  last  summer,  while  study- 
ing the  development  of  the  disease  on  a  certain  plum-tree,  which,  until 
the  first  of  July,  had  progressed  just  as  in  the  neighboring  choke 
cherries,  to  find,  after  an  absence  from  town  of  about  ten  days,  that  the 
whole  aspect  of  the  plum  knots  had  been  changed  by  the  attacks  of 
the  curculio,  so  that  they  were  hardly  recognizable,  owing  to  the 
gummy  masses  upon  them ;  while  the  knot  on  the  cherries  remained 
unchanged.  The  Tricothecium  almost  immediately  made  its  appear- 
ance, and  remained  on  some  of  the  knots  until  winter. 

Anatomy  of  the  Knot.  —  The  histological  character  of  the  knot, 
at  its  perfection,  is  very  much  the  same  no  matter  upon  what  species 
of  Prunus  it  is  growing.  The  granulated  surface  is  composed  of  the 
stroma  of  the  fungus  we  have  described,  and  the  mycelium  passes 
inwards  in  intricately  wound  bundles,  which  run  in  the  direction  of  the 
medullary  rays,  and  which  vary  in  extent  at  difiTerent  stages  of  grcfwth. 
The  fungus  begins  to  grow  in  the  cambium,  either  by  prolongation  fi-om 
the  mycelium  of  a  knot  directly  above,  or  by  the  germination  and  growth 
of  spores  which  have  fallen  on  the  bark.  When  the  mycelium  occupies 
the  cambium  of  the  greater  part  of  the  circumference  of  the  stem,  the 
branch  above  the  knot  dies,  just  as  though  it  were  girdled.  More  fre- 
quently, the  mycelium  is  found  in  the  cambium  of  only  a  part  of  the  cir- 
cumference of  the  stem,  and  that  which  is  free  from  the  mycelium  goes 
on  producing  wood  and  bark  as  usual ;  and,  if  in  midsummer  or  winter 
we  make  a  croes  section  of  a  knot  on  a  branch  more  than  a  year  old, 
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we  shall  find  one  more  layer  of  wood  on  the  sound  side  of  the  stem 
than  on  the  side  of  the  knot.  In  other  words,  on  one  side,  the  forma- 
tive power  of  the  cambium  has  expended  itself  in  forming  a  new  layer 
of  wood  and  bark  (  Phloem),  and,  on  the  other,  irritated  by  the  pres- 
ence of  a  fungus,  it  has  produced  a  mass,  the  knot,  in  which  all  dis- 
tinction between  wood  and  bark  has  been  lost.  In  the  knot  we  find 
bast  fibres,  wood  cells,  and  dotted  ducts ;  but  the  prevailing  tissue  con- 
sists of  a  collection  of  dotted,  rectangular,  parenchymatous,  cells,  with 
very  thick  walls,  which  closely  resemble  the  cells  of  the  medullary 
rays.  These  thick-walled  cells,  by  their  excessive  growth,  push  the 
prosenchymatous  cells  out  of  their  natural  direction,  parallel  with  the 
axis  of  the  branch,  and  at  intervals  force  their  way  through  them,  so 
that  the  latter  seem  to  form  a  series  of  arcs  of  drcles  with  the  con- 
cavities outward.  The  dotted  ducts  are  numerous,  shorter  than  in  the 
healthy  part  of  the  stem,  and,  owing  to  the  abnormal  position  into 
which  they  are  forced,  cross  sections  of  the  stem  frequently  show  them 
in  lateral  view,  rather  than  in  section.  The  separate  dotted  ducts, 
instead  of  lying  side  by  side  as  usual,  are  closely  twisted  or  braided 
together.  The  bast  fibres  are  less  altered  in  their  direction  and 
appearance  than  the  other  elements  of  the  stem.  The  mycelial  threads 
of  the  fungus  form  bundles,  which  are  imbedded  in  the  parenchyma  of 
the  knot. 

The  condition  of  the  interior  of  the  knot,  in  its  later  stages,  is  modi- 
fied very  much  by  the  depredations  of  insects,  as  well  as  by  the  drying 
and  crumbling  of  the  tissue  itself.  On  the  wild  cheriies,  the  outer  part 
is  generally  a  mere  shell,  and  the  internal  part  is  nearly  empty.  On 
the  plum,  the  interior  is  more  apt  to  be  honeycombed ;  and  we  not 
unfrequently  have  a  very  hard  layer  next  the  wood,  composed  of  thick- 
walfed,  dotted  cells.  The  knot  on  cultivated  cherries  is  intermediate 
between  that  on  the  wild  cherries  and  that  on  plums.  The  condition 
of  the  interior  of  the  knot  has  an  important  bearing  on  the  propagation 
of  the  disease.  Where  it  is  hollow,  and  the  outer  part  brittle,  as  in 
the  choke  cherry,  it  is  easy  to  see  that  the  spore-bearing  portion  will 
readily  be  broken  up,  and  the  spores  blown  about  without  difficulty. 
Where  it  is  more  solid,  as  in  the  plum,  the  spores  will  be  dispersed 
with  much  less  ease ;  and  we  can  see  how,  by  the  action  of  the  curculio 
in  boring  into  the  knot  and  making  its  tissue  more  spongy,  it  is  facili- 
tating the  dispersion  of  the  spores  of  the  fungus  when  they  shall  ripen ; 
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and,  on  the  other  hand,  the  knot  tends  to  increase  the  number  of  cur- 
culios,  by  oifering  a  suitable  place  for  the  deposit  of  their  eggs.  As  a 
rule,  the  trees  once  attacked  by  the  knot  grow  more  and  more  diseased, 
both  by  the  extension  downwards  and  upwards  on  the  stem  of  the  old 
knots,  and  by  the  production  of  new  ones  from  the  germination  and 
growth  of  spores  of  the  old  knots  on  other  branches  which  have 
been  previously  fi^ee  from  them.  More  and  more  of  the  smaller  branches 
are  killed  by  the  girdling  effect  of  the  knots;  and  the  nutrition  of  the 
larger  branches  is  evidently  so  decidedly  impaired,  that  to  bear  fruit  is 
entirely  out  of  the  question ;  and,  after  lingering  in  a  diseased  condition 
for  a  few  years,  the  trees  themselves  die.  We  cannot  say  certainly  for 
how  many  years  a  given  knot  may  continue  to  elongate;  because  the 
older  parts  crumble,  and  leave  no  distinct  mark  by  which  the  annual 
growth  may  be  traced.  One  can,  however,  often  recognize  knots 
which  have  been  growing  for  at  least  three  years.  In  a  few  cases  the 
branches  seem  able  to  recover  from  the  knots,  and  the  scars  which 
indicate  the  previous  seat  of  the  disease  can  be  seen. 

The  fungus  causing  the  knot  was  first  described  by  Schweinitz,  in  his 
"  Synopsis  Fungorum  CarolinaB  Superioris,"  under  the  name  of  Sphaeria 
morbosa,  in  the  following  words :  ^*  S.  ca^pitosa  astoma  maxima  recep- 
taculo  bullato  fusco,  sphaerulis  minoribus  irregularibus  albofarctis.*' 
At  the  time  Schweinitz  wrote,  nothing  was  known  of  secondary  forms 
of  fruit  in  the  Sphance.  The  conidia  were  first  described  by  Mr.  C. 
H.  Peck,  in  a  paper  on  Botany,  read  as  a  report  before  the  Albany 
Institute,  February  6,  1872.  He  describes  the  conidial  spores  as  *^at 
first  simple,  but  soon  becoming  one  or  more  septate."  We  have  never 
seen  them  other  than  simple ;  but,  judging  from  other  Cladosporioid 
conidia,  we  should  expect  the  spores  to  divide  at  some  time.  Since 
Schweiuitz*s  day,  the  genus  SphaBria  has  been  more  or  less  cut  up  by 
writers  into  different  genera;  and  the  question  naturally  occurs.  To 
which  of  them  shall  we  refer  Schweinitz*s  SpJuBria  morhosa  f  Curtis, 
in  his  Catalogue  of  Plants  of  North  Carolina,  still  calls  it  a  Sphceria  ; 
and  places  it  in  the  division  Erumpentes,  subdivision  CcespitoscB, 
between  S,  nobilts,  B.  &  C,  and  S,  Perisportoides^  B.  &  C,  to  which, 
more  particularly  the  latter,  it  bears  but  little  resemblance.  Mr.  C.  B. 
Plowright,  in  "Some  Remarks  upon  Sphaeria  Morbosa,"  in  the  "  Monthly 
Microscopical  Journal  **  for  May,  1875,  thinks  it  should  be  placed  in 
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the  genus  Gihhera  near  Q,  Vaccinn,  Fr.  It  seems  to  us,  on  the  whole, 
premature,  so  long  as  the  complete  history  of  so  many  of  the  diflerent 
SphceriacecB  remains  unknown,  to  place  much  confidence  in  generic  char- 
acters of  that  order  as  at  present  defined.  In  estimating  the  system- 
atic position  of  any  fungus,  we  must  consider  all  its  different  states, 
and  any  classification  based  solely  on  one  form  of  fruit,  to  the  exclusion 
of  others,  must  be  unsatisfactory.  The  species  of  Gihhera  have  not 
yet  been  sufficiently  studied  to  enable  us  to  define  the  genus  accurately ; 
and  we  should  think  it  more  correct  to  place  the  Sphtsria  morbosa  of 
Schweinitz  in  the  genus  Cucurbitaria,  some  of  the  species  of  which  — as 

C.  Laburniy  De  Not.,  —  it  resembles  in  the  stylospores  and  pycnidia, 
although  the  ascosporcs  are  different.  The  ascospores  of  the  different 
species  of  CucurbitartOy  however,  vary  very  much  in  appearance.  We 
prefer  to  retain  the  generic  name  Sphceria  for  the  present,  and  wait 
until  the  genera  of  SphariaceiB  assume  a  more  definite  character,  be- 
fore changing  it. 

Turning,  now,  from  the  botanical  side  of  the  case,  to  the  knot  as  a 
destroyer  of  fruit-trees,  there  is  no  end  to  the  articles  which  have 
appeared  in  the  journals,  speculating  on  its  cause  or  suggesting  a 
remedy.  We  occasionally  hear  that  the  knot  is  a  recent  disease ;  but 
Mr.  J.  Buell  states  *  that,  in  1811,  the  plum-trees  in  Kingston,  Mass., 
were  almost  all  destroyed  by  the  knot.  Schweinitz,t  speaking  of  its 
effects  in  1822,  says:  "  Morbum  lethalem  Cerasorum  et  omnium 
Pninorum  effecit"  In  1831, J  he  again  refers  to  the  Sphteria  morbosa 
as  being  much  more  common  in  Pennsylvania  than  in  Carolina,  and  as 
being  particularly  injurious  to  cherries,  which  he  calls  in  Latin 
"Amarellae,"  probably  Morellos,  and  to  the  Hungarian  and  Reine 
Claude  plums.  From  the  sentence,  "  Nuperrime  autem  et  in  his  omni- 
bus Cyuips  fungusque  incepiunt  saevire  et  quidem  magnitudine  semper 
maxime  aucta,  sistentes  tumores  ad  sesquipedalem  longitudinem  exten- 
80S,'*  it  appears  that  he  regarded  the  black  knots  as  caused  by  the 
combined  action  of  insects  and  Spharia  morbosa.     In  1819,  Prof.  W. 

D.  Peck,  of  'Cambridge,  published  an  account  of  the  insects  found  in 
the  knots  of  cherry-trees,  which  he  regarded  as  the  cause  of  the  knot 
itself.     Dr.  Joel  Burnett,  of  Southboro*,  Ma8s.,§  was  one  of  the  first  to 

*  "New  England  Farmer,"  Jan.  20;  1826. 
t  "  Syn.  Fung.  Car.,"  p.  40,  No.  134. 
X  "  Syn.  Fung.  Am.  Bor  ,"  p.  204,  No.  1416,  269. 
§  "  New  England  Farmer,"  Aug.  16, 1843. 
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assert  that  the  knot  was  caused  by  a  fungus  rather  than  an  insect, 
although  his  belief  that  the  fungus  originated  in  a  morbid  condition  of 
the  plum  itself  was  incorrect  In  the  second  edition  of  his  *^  Insects 
Injurious  to  Vegetation,*'  Harris  is  somewhat  non-committal,  although 
he  goes  so  far  as  to  admit,  that, "  whatever  be  their  [the  knots]  origin  and 
seat,  they  form  an  appropriate  bed  for  the  growth  of  numerous  little 
parasitical  plants  or  fungty  to  which  botanists  give  the  name  of  Sphseria 
morbosa.''  He  also  significantly  adds :  '*  It  is  worthy  of  remark,  that 
they  are  sure  to  appear  on  the  warts  in  due  time,  and  that  they  are 
never  found  on  any  other  part  of  the  tree." 

More  recently,  the  belief  in  the  insect  origin  of  the  knots  has  been 
given  up  by  entomologists,  although  it  is  still  generally  held  by 
fruit-raisers.  One  of  the  most  prominent  entomologists  who  has,  in 
recent  years,  written  on  the  nature  of  the  black  knot,  is  Mr.  B.  D. 
Walsh.*  He  is  of  the  opinion  that  the  knot  is  not  caused  by  any 
insect,  but  by  a  fungus  whose  spores  ripen  in  July.  From  this  state- 
ment, we  might  infer  that  he  had  )een  the  conidia,  although  he  does 
not  describe  them  so  that  they  can  be  recognized.  If,  however,  what 
he  saw  were  the  conidia,  his  statement  that  they  extend  down  over 
the  stem  below  the  knot  is  incorrect.  He  went  too  fer  in  asserting 
that  there  were  two  distinct  kinds  of  black  knot :  one  on  plums,  and 
another  on  cherries.  He  was  led  to  this  conclusion,  apparently,  rather 
by  statements  of  other  persons  as  to  the  communicability  of  the  dis- 
ease from  plums  to  cherries,  and  vice  versd^  than  from  any  direct 
observation  on  the  structure  of  the  knot  In  a  review  of  Walsh's 
article,!  the  writer  goes  still  farther  from  the  fact  in  suggesting  that 
there  is  a  third  kind  of  fungus  on  Prunus  Chtckasa. 

The  best  and  so  far  as  we  know  the  only  correct  statement  of  the 
etiology  of  the  black  knot,  was  made  by  Mr.  C.  H.  Peck.J  who,  as  we 
have  already  remarked,  was  the  first  to  describe  the  conidial  state  of 
the  fungus.  He  also  first  showed  definitely  when  the  aseospores 
ripened,  and  correctly  reasoned  that  the  knot  was  caused  by  the 
Sphcena  morhosa^  and  that  the  fungus  on  plums  and  cherries  was  the 
same. 

*  "  The  Practical  Entomologist,"  March  26,  1866,  and  March,  1867. 
t "  Entomologist  and  Botanist,"  Vol.  II.,  p.  231. 

X  A  Paper  on  Botany  read  as  a  Report  before  the  Albany  Institute, 
February  6,  1872. 

VOL.  I.  57 
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The  reasons  for  believiDg  that  the  knot  is  not  caused  by  insects  maj 
be  summed  up  as  follows :  First,  the  knots  do  not  resemble  the  galls 
made  by  any  known  insect.  Seoondiy,  although  insects  or  remains  of 
insects  are  generally  found  in  old  knots,  in  most  cases  no  insects  at  all 
are  found  in  them  when  young.  Thirdly,  the  insects  that  have  been 
found  by  entomologists  in  the  knots  are  not  all  of  one  species,  but  of 
several  different  species,  which  are  also  found  on  trees  which  are  never 
affected  by  the  knot  On  the  other  hand,  we  never  have  the  black 
knot  without  the  Sphcaria  morhota,  as  was  admitted  by  Harris ;  *  and 
the  mycelium  of  that  fungus  b  found  in  the  slightly  swollen  stem  long 
before  any  thing  which  could  be  called  a  knot  has  made  its  i^ppear- 
ance.  Furthermore,  the  Spharia  morbosa  is  not  known  to  occur  any- 
where except  in  connection  wiih  the  knots. 

That  the  fungus  on  the  cherry  and  plum  is  the  same,  as  far  as  all  its 
microscopic  characters  are  concerned,  is  certain  beyond  a  doubt.  The 
only  reason  why  there  has  appeared  to  be  any  doubt  on  this  subject  is, 
that  some  kinds  of  cherries  are  susceptible  to  the  knot,  and  others  are 
not.  Those  who  believe  that  there  are  two  different  fungi  which  pro- 
duce the  knot,  have  started  with  the  assumption  that  what  is  true  of 
one  kind  of  cherry,  as  far  as  susceptibility  to  disease  is  concerned,  is 
true  of  aU  cherries.  Having  seen  some  cherries  free  from  the  knot, 
although  growing  near  diseased  plum-trees,  and  others,  perhaps  not 
near  any  plum-trees,  covered  with  knots,  they  have  jumped  at  the 
conclusion,  that  there  must  be  two  different  fungi  producing  the  knot : 
one  on  the  cherry,  derived  fi*om  the  wild  cherry;  another  on  the 
plum,  derived  from  the  wild  plum.  Now,  we  have  no  riglit  whatever 
to  infer  that  a  disease  of  fungoid  origin  will  be  found  on  plants  closely 
related  botanically.  In  fact,  we  have  no  right  to  infer  any  tiling ;  we 
can  only  examine  and  find  out  what  the  fact  is.  Let  us  see,  first,  how 
the  case  stands  with  our  wild  cherries,  as  the  species  are  well  marked, 
and  we  know  more  exactly  what  we  are  talking  about  than  when  we 
speak  of  the  confused  cultivated  varieties.  Prunus  serotina,  Ehrhart, 
the  rum  cherry,  and  Pruniu  Virgtniana,  L.,  the  choke  cherry,  are 
about  equally  common  near  Boston.  The  latter  is  very  frequently 
attacked  by  the  knot ;  the  former  never,  as  far  as  our  experience  goes,' 
and  we  have  examined  hundreds  of  trees.  Walsh  and  others  also 
testify  to  the  same  effect.     The  following  is  a  striking  illustration :  In 

*  Vide  quotation  on  page  440. 
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the  month  of  March,  1875,  we  went  to  a  hedge  of  wild  cherries,  in 
search  of  specimens  of  the  knot,  but  found  them  only  on  one  tree, 
although  very  abundant  on  that  When  the  trees  had  leaved  out,  a 
few  week;)  later,  we  passed  by  the  hedge  and  observed  that  all  the 
trees  but  one  were  Prunus  serotina ;  and  that  one  (the  same  from 
which  we  had  gathered  specimens  of  the  knot)  was  P.    Virginiana, 

Pnmus  Pennsylvanica,  L.,  the  bird  cherry,  is  subject  to  the  disease ; 
and,  also,  Prunus  AmericafiOj  Marsh,  the  wild  plum,  on  the  authority 
of  Prof.  C.  £.  Bessey,  Walsh,  and  others.  Harris  makes  the  statement 
that  the  la#t-named  species  is  not  subject  to  the  knot ;  but  he  was  proba- 
bly mistaken,  as  so  many  others  affirm  the  contrary.  Prunus  maritimciy 
Wang,  the  beach  plum,  as  far  as  our  experience  in  southern  Massa- 
chusetts goes,  is  free  from  the  knot.  Of  Prunus  ChickcLsa^  Michx.,  we 
have  no  definite  information.  The  single  case  reported  by  Walsh  of 
a  black  knot  occurring  on  a  peach-tree  is  extremely  doubtful. 

If  we  turn  now  to  the  cultivated  varieties  of  plums  and  cherries,  we 
also  find  that  some  are  susceptible  to  the  disease  and  others  are  not. 
Without  doubt,  the  morel lo  cherry  is  more  susceptible  than  any  other 
variety,  and  next  in  order  comes  the  mazzard.  Whether  any  other  varie- 
ties of  cultivated  cherries  are  liable  to  the  knot,  we  cannot  say,  speaking 
from  our  own  experience,  and  the  accounts  published  in  the  journals  are 
so  indefinite  and  contradictory  that  one  does  not  know  what  to  believe. 
That  some  varieties  are  free  from  the  disease,  we  know  to  be  a  fact ;  for 
we  have  very  frequently  seen  orchards  of  other  varieties  than  the  mo- 
rello  and  black  mazzard  entirely  free  from  the  knot,  although,  in  some 
cases,  infected  choke  cherries  were  actually  growing  under  the  cultivated 
trees,  and  plum-trees  in  the  neighborhood  were  badly  diseased. 

We  have  little  hesitation  in  asserting,  judging  from  our  observations 
and  the  more  reliable  reports  in  the  agricultural  journals,  that  there  is 
no  variety  of  cultivated  plum  which  is  not  subject  to  the  black  knot. 
To  suppose  that  the  disease  came  from  the  wild  plum,  rather  than  the 
wild  cherry,  is  quite  superfluous ;  for,  in  the  region  of  Boston,  where 
the  black  knot  has  almost  comj>1etely  destroyed  the  cultivated  plums,  the 
wild  plum  is  very  rare,  if  it  occurs  at  all,  and  the  disease  must  have 
come  from  the  choke  cherry  or  the  bird  cherry.  We  have  made 
direct  experiments  to  show  that  the  spores  of  the  knot  on  the  choke 
cherry  will  germinate  and  produce  the  knot  in  healthy  plum-trees,  and 
the  results  will  be  given  in  a  future  nimiber  of  the  Bulletin. 
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Prevention  op  the  Disease.  —  From  the  knowledge  that  the 
knot  is  a  contagious  disease,  caused  by  a  fungus  whose  ascospores  are 
ripened  in  midwinter,  and  whose  mycelium  does  not  extend  for  more 
than  a  few  inches  below  the  knots,  and  bearing  in  mind  that  the 
fungus  b  indigenous  on  certain  of  our  native  species  of  Prunus,  the 
remedy  is  obvious.  When  a  knot  makes  its  appearance,  the  branch 
should  be  cut  off  a  short  distance  below  the  slight  swelling  of  the  stem, 
which  is  found  just  below  the  knot.  When  cut  off,  the  branches  should 
be  burnt,  to  prevent  the  spores  from  spreading  the  disease ;  for, 
although  the  asci  may  have  but  begun  to  form  when  th&  branch  is 
cut  off,  they  will  grow  and  ripen  their  spores  even  when  separated 
from  the  trees,  as  we  know  from  experience.*  The  question  arises 
as  to  the  best  time  for  cutting  off  the  diseased  branches.  We  should 
say,  cut  them  off  whenever  one  sees  them.  The  most  favorable  time  is 
late  in  the  autumn,  before  the  ascospores  are  ripe.  But  it  most  not 
be  forgotten  that  the  conidia  ripen  in  early  summer ;  and,  if  knots  are 
seen  in  the  spring,  they  should  be  cut  off  at  once. 

Not  only  should  diseased  branches  of  cultivated  cherries  and  plums 
be  removed  ;  but  all  means  should  be  taken  to  destroy  the  choke  cherry, 
the  bird  cherry,  and  the  wild  plum,  in  the  neighborhood  of  orchanls. 
In  New  Eniiland,  particularly,  the  choke  cherry  can  only  be  regarded 
as  a  pest.  We  notice  that  Mr.  Emerson,  in  the  new  edition  of  his 
"  Trees  and  Shrubs  of  Massachusetts,"  recommends  the  choke  cherry 
as  worthy  of  cultivation  on  account  of  its  beauty.  However  opinions 
may  differ  as  to  its  beauty,  there  can  be  only  one  as  to  its  injurious  , 
influence  on  cherry  and  plum  orchards  ;  and  it  cannot  be  too  strongly 
impressed  upon  fruit-growers,  that  the  choke  cherry  is  a  most  dangerous 
enemy,  and  should  be  destroyed.  It  is  quite  time  that  it  was  generally 
understood,  that  many  of  our  herbaceous  and  shrubby  plants  cause 
or,  at  any  rate,  increase  disease  in  our  vegetables  and  fruit-trees.  The 
farmer  destroys  caterpillars  wherever  and  whenever  he  finds  them ;  why 
should  he  not  also  cut  down  and  destroy  all  trees  and  shrubs  which 
carry  a  conUigious  disease  into  his  fruit  orchards  ? 

*  A  plum-tree  covered  with  knots  was  cut  down  at  Newton,  Mass.,  towards 
the  end  of  the  summer  of  1875,  before  the  ascospores  had  begun  to  form  ;  but 
by  the  first  of  the  following  March  ripe  spores  were  formed  in  all  the  knots, 
notwithstanding  the  fact  that  on  the  first  of  the  previous  December  the  tree 
had  been  exposed  to  a  temperature  of  —  S°  F. 
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In  the  preceding  pages,  we  have  attempted  to  dispel  a  certain  mystery 
which  hangs  about  the  black  knot  in  the  minds  of  fruit-raisers,  and  to 
convince  them  that  it  is  amenable  to  treatment.  We  can  hardly  expect, 
seeing  how  wide-spread  the  disease  is  in  the  eastern  part  of  our  country, 
that  it  will  be  entirely  driven  off,  except  by  extraordinary  exertions  on 
the  part  of  fruit-raisers.  Knowing,  however,  where  it  comes  from  and 
how  it  is  propagated,  there  can  be  no  possible  excuse  for  allowing  it 
to  spread  to  parts  of  the  country  which  are  at  present  free  from  the 
disease.  The  disease  is  as  yet  unknown  in  Europe,  and  there  is 
little  probability  that  it  will  be  introduced  by  the  importation  of  culti- 
vated American  varieties  of  plums  or  cherries.  It  is  more  likely 
to  find  its  way  to  Europe  on  our  wild  species  which  may  be  introduced 
into  the  different  botanical  gardens,  and  the  directors  of  such  gar- 
dens should  be  very  cautious  about  importing  Prunus  Virginianciy 
P.  Americana,  or  P.  Pennsylvanica ;  for  the  black  knot  would  prove 
an  unwelcome  guest,  in  comparison  with  which  the  now  notorious 
Babington's  curse  would  seem  insignificant 
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EXPLANATION  OF   PLATES. 


Plate  L 

Fumago  salicina,  TuL,  on  oliye  leaves,  magnified  000  diara. 

1.  Stylosporet. 

2.  Mycelium  on  scale  of  leaf. 

3.  a,  pjenidia ;  c,  conidia. 

Plate  IL 

1.  Peronospora  viticola,  B.  and  C,  conidia  magnified  600  diam. 

2.  Tip  of  branch  more  highly  miignified. 

3.  Haustoria  in  stem  of  Vitis  cordifolia. 

4.  Conidia  of  Peronospora  nivea,  Unger,  from  leaf  of  Geranium  maculatnm. 

5.  Conidia  of  Peronospora  effusa,  Grev.,  from  leaf  of  Plantago  major. 

6.  Conidial  spore  germinating. 

Plate  HI. 

1.  Oospore  of  Peronospora  eff\isa,  Grev.,  from  leaf  of  Plantago  major,  mag- 
nified 750  diam. 

2.  Oospore  of  Peronospora  viticola,  from  Vitis  aestivalis. 

3.  4,  6,  6, 1,  8.  Different  stages  of  development  of  the  zoospores  of  P.  viti- 
cola ;  8  is  drawn  on  a  larger  scale  than  6  and  7. 

Plate  IV. 

1.  Sphaeria  morbosa,  Schw.,  black  knot  on  cultivated  plum.     May.    Natural 
size. 
2  and  3.  Sections  of  young  knot  from  a  choke  cherry.    Natural  size. 

Plate  V. 

1.  Spheeria  morbosa  on  cultivated  plum.    Autumn.    Natural  size. 

2.  Section  of  knot  on  choke  cherry  in  May,  magnified  600  diam.    a,  myce- 
lium ;  6,  conidia. 

3.  Conidia  more  highly  magnified. 

4.  Section  through  one  side  of  cavity  containing  stylospores.    From  mazzard 
cherry. 

6.  Stylospores  more  highly  magnified. 

Plate  VI. 

1.  Section  of  choke  cherry  stem,  showing  mycelium  before  it  has  come  to 
the  surface,  magnified  600  diam. 

2.  Spemiagonia. 

3.  Asci  and  spores  of  Sphaeria  morbosa  from  choke  cherry. 

4.  Peritliecium  with  asci. 
4,  5.  Ripe  ascospores. 

0,  7.  Ascospores  germinating. 


BULLETIN   OP  THE   BU88EY  INSTITUTION.  456 


No.  25.  —  Report  of  the  Director  of  the  Arnold  Arboretum^ 
presented  to  the  President  and  Fellows  of  Harvard  Uni- 
versity, 

To  THE  President  of  the  University:  — 

Sir,  —  I  have  the  honor  to  submit  the  following  Report  of  the 
present  condition  of  the  Arnold  Arboretum,  and  of  its  progress 
during  the  nine  months  which  have  elapsed  since  the  date  of  my  last 
Report,  December  1,  1874:  — 

The  Green-houses  of  the  Bussey  Institution  having  been  placed  at 
my  disposal  for  the  uses  of  the  Arboretum,  they  have  been  devoted 
to  the  raising  of  forest  and  ornamental  trees  and  shrubs  for  future 
plantations.  Many  of  the  plants  of  the  last  catalogue,  which  were 
then  represented  by  only  a  few  specimens,  have  now  been  raised  in 
sufficient  quantities,  and  165  species  have  been  added  to  the  collec- 
tion. Probably  over  1 00,000  ligneous  plants  have  been  raised  during 
the  nine  months. 

The  operation  of  thinning  out  the  old  trees  with  a  view  to  their 
future  improvement  has  been  continued  during  the  year,  and  the 
woods  in  the  various  portions  of  the  grounds  are  now  in  such  a  condi- 
tion that  their  further  thinning  is  not  for  the  present  desirable. 

Some  two  acres  on  the  hill-side  which  forms  the  south-eastern 
boundary  of  the  Arboretum,  lying  directly  in  the  rear  of  the  Stone 
Building  of  the  Bussey  Institution,  have  been  planted  with  alternate 
Larch,  Spruce,  and  Box  Elder,  to  supply  a  needed  shelter  to  the 
Plainfield  from  the  north-west  winds,  and  to  define  the  boundary  of 
the  Arboretum  in  that  direction. 

As  many  as  5,542  trees  and  shrubs  have  been  presented  during  the 
nine  months  to  various  establishmepts  and  individuals  throughout  the 
United  States  interested  in  Arboriculture,  and  69  have  been  sent  to  the 
Royal  Gardens,  Kew,  England. 

The  largest  reci[>ients  have  been  the  new  Botanic  estHbllshment  at 
Chicago,  the  Massachusetts  Agricultural  College  at  Amherst,  and  the 
University  of  Vermont.  The  department  of  propagation  of  the 
Botanic  Garden  has  been  transferred  to  the  Arboretum,  with  excellent 
results  in  every  way.    The  Green-houses  are  better  suited  for  such 
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operations  than  those  at  Cambridge,  and  the  whole  attention  of  the 
assistants  being  directed  to  the  raising  of  seedlings,  they  are  enabled  to 
produce  plants  more  snrely  and  with  much  greater  economy. 

Of  plants  so  propagated,  1,643  have  been  placed  in  the  Botanic 
Garden  during  the  nine  months,  and  5,520  have  been  distributed  in 
the  name  and  for  the  benefit  of  that  establishment. 

The  many  contributions  to  the  Arboretum  having,  for  greater  con- 
venience, been  mentioned  in  my  Report  of  the  condition  of  the 
Botanic  Grarden,  it  is  unnecessary  to  acknowledge  them  here. 

C.  S.  SARGENT,  Director. 
Sbptembbb,  1876. 

APPENDIX   A. 


A  Catalooub  of  the  Ligneous  Plants  raised   at  the  Arnold 
Arboretum    during  the   Nine  Months  ending   September   1, 

1875. 


Clematis  Fremontii,  Watson. 
Clematis  Vitalba,  L. 
Clematis  alpina,  Mill. 
Clematis  ligusticifolia,  Nutt. 
Magnolia  acuminata,  L. 
Magnolia  conspicua,  Salisb. 
Maximowiczia  Chinensis,  Rupr. 
Berberis  Cretica,  L. 

Berberis  petiolaris, ? 

Berberis  Fremontii,  Torr. 

Berberis  Aquifolium,  Pursh. 

Helianthemum  vulgare,  Gtertn. 

Hypericum  hircinum,  L. 

Tilia  Europsea,  L. 

Tilia  argentea,  DC. 

Tilia  Americana,  L.;  var,  pnbes- 

cens. 
Rhus  glabra,  L. 
Vitis  Labrusca,  L. 
Vitis  aestivalis,  Mich. 
Vitis  Calif omica,  Benth. 
Rhamnus  lanceolatus,  Pursh. 
Ceanothus  velutinus,  Dongl. 
Ceanothus  integerrimus,  Hook.  &  A. 
Ceanothus  divaricatus,  Nutt. 
Ceanothus  rigidus,  Nutt. 


Ceanothus  prostratus,  Benth. 
Euon3rmus  occidentalis,  Nutt. 
.£sculus  parviflora,  Walt. 
Zanthoceras  sorbifolia,  Bunge. 
Acer  tartaricum,  L. 

var,  Ginnala,  Maxim. 
Acer  platanoides,  L. 
Acer  oblongum,  Walt. 
Acer  Pennsylvanicum,  L. 
Acer  saccharinum,  Wang. 
Laburnum  vulgare,  Griseb  ;  var. 
Genista  Sibirica,  L. 
Cytisus  supinus,  Jacq. 
Photinia  arbutifolia,  Lindl. 
Colutea  orientalis,  Lam. 
Maackia  Amurensis,  Rupr.  &  Max. 
Sophora  Japonica,  L. 
Cercis  Siliquastrum,  L. 
Prunus  Chicasa,  Mich. 
Prunus  Pennsylvanica,  L. 
Prunus  Caroliniana,  Ait. 
Prunus  subcordata,  Benth. 
Prunus  Andersonii,  Gray. 
Prunus  Padus,  L.  ;  var,  parviflora. 
Prunus  sinensis,  Pers.  ;   var,  flore 
pleno,  Hort. 
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Spiraea  confusa,  Rgl.  &  Kcke. 

var,  mollis,  Koch. 
Spiraea  Fortunei,  Plauch. 
Spiraea  alba,  Duroi. 
Spiraea  salicifolia,  L. 
Cercocarpus  betuloides,  Nutt. 
Cercocarpus  ledifoliust  Nutt. 
Purshia  tridentata,  DC. 
Rubus  hispidus,  L. 
Rubus  thyrsiflorus,  Weihe. 
Rubus  crataegiflorus,  Bunge. 
Rosa  Alpina,  L. 

var.  glandulosa. 
Rosa  sericea,  Lindl. 
Rosa  micranthaf  Smith. 
Rosa  rubrifolia,  Vill. 
Crataegus  Oxyacantha,  var,  Sibirica. 
Crataegus  tomentosa,  L. 
Crataegus  parviflora,  Ait. 
Crataegus  pinnatifida,  Bunge. 
Photinia  arbutifolia,  Lindl. 
Pyrus  Malus,  L.  ;  var,  hyemalis. 
l^rus  baccata,  L. 

var,  genuina. 

var,  stricta,  Rgl. 

var,  praecox,  Rgl. 
Pvrus  Aria,  Ehrh. 
Pyrus  pinnatifida,  Smith. 
Pyrus  arbutifolia,  L. 
Pyrus  Japonica,  Thurb. 
Ribes  Cynosbati,  L. 
Ribes  irriguum,  Dougl. 
Ribes  prostratum,  L'Her. 
Ribes  cereum,  Dougl. 
Itea  Virginica,  L. 
Aralia  racemosa,  L. 
Aralia  spinosa,  L. 
Aralia  cordata,  Thbg. 
Comus  sericea,  L. 
Cornus  pubescens,  Nutt. 
Garrya  elliptica,  Lindl. 
Garry  a  Fremontii,  Ton*. 
Nyssa  capitata,  Nutt. 
Sambucus  racemosa,  L. 
Sambucus  Ebulus,  L. 
Viburnum  acerifolium,  L. 
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Symphoricarpus  vulgaris,  Mich. 
Lonicera  Maximowiczii,  Rupr. 
Lonicera  chrysantha,  Turcz. 
Lonicera  Ruprechtiana,  Rgl. 
Lonicera  alpigena,  L. 
Lonicera  Xylosteum,  L.  var,  mollis. 
Erica  vagans,  L. 

var,  alba,  Bree. 
Arbutus  Menziesii,  Smith. 
Arctostaphylos  pungens,  H.  B.  K. 
Andromeda  speciosa,  Michx. 
Andromeda  Mariana,  L. 
Rhododendron    Caucasicum,   Pall, 

var,  luteum. 
Rhododendron  hirsutum,  L. 
Rhododendron  parvif olium,  Adams. 
Azalea  pontica,  L. ;  var.  imperialis. 
Azalea  pontica,  L. ;  var,  princeps. 
Azalea  occidentalis,  Torr. 
Rhodora  Canadensis,  L. 
Clethra  acuminata,  Mich. 
Clethra  alnifolia,  L. 
Ilex  opaca,  Ait. 
Ilex  coriacea,  Chapm. 
Diospyros  Virginiana,  L. 
Tecoma  radicans,  Juss. 
Forsythia  viridissima,  Lindl. 
Syringa  vulgaris.  L. 
Ligustrum  vulgare,  L. ;  var,  chloro- 

carpum. 
Ligustrum  Japonicum,  Thunb. 
Fraxinus  pubescens.  Lam. 
Fraxinus  anomala,  Torr. 
Elaegnus  parviflora,  Walt. 
Morus  multicaulis,  Perr. 
Juglans  nigra,  L. 
Carya  sulcata,  Nutt. 
Quercus  Cerris,  L. 
Quercus  obtusiloba,  Mich. 
Quercus  nigra,  L. 
Quercus  Catesbaei,  Mich. 
Quercus  myrtifolia,  Wildn. 
Quercus  undulata,  Torr. 
Quercus  sinuata,  Walt. 
Quercus  aquatica,  Catesb. 
Fagus  ferruginea,  Ait. 
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Fagus  sylvatica,  L. 

Carpinus  Duinensis,  Scop. 

Betula  alba,  L. 

Salix,  species. 

Araucaria  imbricata,  Don. 

Pinus  contorta^  Dougl.  ;  var.  lati- 

folia,  Engelm. 
Pinus  Banksiana,  Lamb. 
Pinus  Pinea,  L. 
Pinus  Halepensis,  Mill. 
Finns  sylvestris,  L. 
Pinus  Austriaca,  Host. 
Pinus  Rhasyana,  Ilook.  fil. 
Pinus  Coulteri,  Don. 


Pinus  tuberculata,  Don. 

Pinus  Cembra,  L. 

Pinus  flexilis,  James. 

Abies  Menziedi,  Dougl. 

Abies  Fraseri,  Pursh. 

Abies  obovata,  Loudon. 

Larix  Europsea,  DC.  ;  var,  Rossica, 

Endlicher. 
Actinostrobus  pyramidalis,  Miq. 
Cupressus  thyoides,  L. 
Biota  orientalis,  Endlicher  ;    var, 

Nepalcnsis,  Hort. 
Smilax  Walteri,  Pursh. 
Smilax  glauca,  Nutt. 


INDEX. 


Absorptive  power  of  coal  ashes,  78. 

Acorns,  composition  of,  876. 

Acre  of  land,  weight  of  the  soil  upon, 
258. 

Agriculture  of  New  England  compared 
with  that  of  Europe,  168. 

Albuminoids,  meaning  of  the  term,  28. 

Alkalies,  action  of  on  vegetable  mould, 
280,  387. 

Alkaline  soaps,  a  remedy  for  Califomian 
orange  disease,  414 

Alkalinity,  of  ashes,  discussion  of  its  sig- 
nificance, 387 ;  of  ashes  from  husk  of 
cotton  seed,  887,  390 ;  of  prussiate  resi- 
due, 381 ;  of  slurry,  386 ;  of  wood-ashes, 
389 ;  its  money  value  to  the  farmer, 
390.    (Compare  Alkali-power). 

Alkali  -  power,  attempt  to  compute  its 
money  value,  390;  meaning  of  tne  term, 
387. 

American  grape-vines,  mildew  on,  415. 

Ammonia,  amount  contained  in  anthracite, 
398,  in  soils,  266,  400,  in  waters,  266; 
is  found  in  copperas,  in  pyritous  lifc- 
nites,  and  in  alum  shaieV,  402;  is 
formed  in  processes  of  oxidation,  402 ; 
is  not  abundant  enough  in  air  or  rain 
to  support  the  higher  orders  of  plants, 
267. 

Ammonium  salts,  field  experiments  with, 
92,  108,  119.  143,  301. 

Analvses,  of  fertilizers,  8,  170,  185,  191, 
37^;  of  fodders,  25,  339,  362,  373, 
standard  method  for,  26;  of  peats,  16, 
135,  267;  of  rocks,  161;  of  soils,  136. 
258  ;  of  wood-ashes,  methods  employea 
for,  194. 

Anatomy,  a  knowledge  of  important  to 
the  farmer,  286. 

Animals,  humane  destruction  of,  40 ; 
methods  of  slaughtering,  41 ;  should 
nut  be  alarmed  before  slaughtering,  40. 

Antennaria  elaeophila,  identical  with  Fu- 
mago  salicina,  410. 

Anthracite,  contains  ammonia,  898,  but 
no  nitrate  or  nitrite,  402 

Anthracite  ashes,  agricultural  value  of, 
50  ;  are  no  better  than  sand,  56 ;  chemi- 
cal examination  of,  70 ;  contain  lithium, 
72,  phosphoric  acid  and  potash,  66,  70 ; 


experiments  in  growing  plants  in,  52 ; 
matters  dissolved  from  by  water,  77; 
power  of  absorbing  or  fixing  potash, 
78,  of  holding  water,  75;  soluble  sili- 
ca contained  m,  76  ;  use  of  in  the  earth 
closet,  67,  for  mixing  with  guano  and 
other  corrosive  manures,  67. 

Apocrenic  acid,  a  nitrogenous  body,  280. 

Apples,  analyses  of,  365 ;  composition  of 
contrasted  with  that  of  roots,  367 ;  con- 
tain but  little  albuminoid  matter,  366  ; 
experiments  on  feeding  swine  with. 
867 ;  fodder  value  of,  362,  compared 
with  that  of  potatoes,  369 ;  prejudice 
against  as  cattle  food,  362;  snould  be 
fed  in  conjunction  with  flesh,  beans, 
and  the  like,  367. 

Apple^rchard  has  comparatively  little 
tendency  to  exhaust  land^  872. 

Appleton,*F.  H  ,  obtains  prices  of  English 
superphosphates,  177. 

Applied  Zoology,  importance  of  its  study, 
286. 

Arnold,  James,  gift  to  President  and  Fel- 
lows of  Harvard  College  by  the  Trus- 
tees of  his  estate,  6. 

Arnold  Arboretum,  catalogue  of  plants  in, 
295,  456  ;  established  at  the  fiussey  In- 
stitution, 6  ;  reports  of  the  director  of, 
293,  455. 

Ascomycetes,  list  of  species  found  near 
Boston,  437. 

Asexual  spores,  324-329. 

Ash,  of  bran,  contains  little  or  no  carbonic 
acid,  80;  is  rich  in  phosphates,  89; 
meaning  of  the  terms  **pure*'  and 
*'  crude  "  ash,  30. 

Ashes  (compare  Wood-ashes  and  Coal- 
ashes)  of- anthracite,  agricultural  value 
of  J  50,  no  better  than  sand,  56,  58,  con- 
tain phosphoric  acid  and  potash,  66, 
70,  expenments  of  growing  plants  in, 
52,  use  of,  in  the  earth  closet,  67,  for 
mixing  with  guano  and  other  corrosive 
manures,  67. 

Ashes,  from  the  husk  of  cotton  seed,  an- 
alysis of,  387 ;  large  proportion  of  in 
the  bark  of  trees,  250 ;  from  leached 
dye-woods  contain  much  lime,  897;  of 
manure  are  used  as  a  fertilizer  in  south- 
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western  France,  271 ;  proportion  of  yield- 
ed by  different  kinds  of  woods,  207- 
247 ;  volatilization  of  in  the  preparation 
of  charcoal,  249. 


Bakrwell,  Robert,  his  improvements  of 
stock,  28S. 

Bark  of  trees,  contains  much  ashes,  250. 

Barlev,  composition  of,  86,  376 ;  field  ex- 
periments with,  84,  103,  116,  301 ;  ^r- 
minates  at  Uie  temperature  of  freezinir 
water,  52 ;  successful  growth  of  in  coal 
ashes,  53. 

Barley  crop,  amounts  of  fertilizers  taken 
off  the  land  by,  116. 

Barley  straw,  composition  of,  353. 

Basidiomycetes,  list  of  species  found  near 
Boston,  433. 

Beach  i>ea,  analysis  of  hay  made  from, 
348 ;  is  eaten  oy  horses,  349 ;  has  long 
and  vigorous  roots,  349 ;  the  question 
whether  it  would  repay  cultivation,  349. 

Bean-crop,  amounts  of  fertilizers  taken  off 
the  land  by,  116  ;  excellent,  obtained  by 
use  of  mixed  fertilizers,  126. 

Beans,  field  experiments  with,  85,  103, 
116,  302  ;  as  food  for  animals,  367. 

Beet-root  cake,  composition  of,  376  ;  pres- 
ervation of,  as  sour  fodder,  372. 

Berkshire  sand,  culture  experiments  in, 
63,  262. 

Birch-tree,  a  fungus  of  the,  411. 

Bird  cherry-tree,  is  subject  tp  the  black 
knot,  451 ;  should  be  destroyed  as  a 
pest,  453. 

Black  earth  of  Russia,  267,  271. 

Black  fungus  on  olive  and  orange  trees, 
404. 

Black  grass,  analyses  of  hay  from,  341, 
342,  §57  ;  analysis  of  seeds'from,  343. 

Black  knot  of  plum  and  cherry  trees,  440 ; 
anatomy  of.  445 ;  is  attacked  by  the 
curculio  and  other  insects,  442,  446 ;  is 
caused  by  the  fungus  Sphaeria  morbosa 
(which  see),  447 ;  description  of,  440 ; 
favors  increase  of  the  curculio,  447; 
gummy  secretion  from,  445;  is  not 
caused  by  insects,  445,  449  ;  is  not  found 
on  some  kinds  of  chenry-trees,  450 ;  is 
often  covered  with  a  pink  mould,  445  ; 
prevention  of,  440,  452 ;  seriously  in- 
jures plum  and  cherry  trees,  440 ;  is 
of  sligntly  different  as|}ect  on  plum  and 
cherry  trees,  444,  446 ;  speculations  of 
agricultural  writers  as  to  its  cause,  448 ; 
texture  of,  446 ;  treatment  of  the  dis- 
ease, 452,  453;  is  unknown  in  Europe, 
453. 

Blood,  analysis  of  dried,  14. 

Blood  flour,  analysis  of,  14. 

Blood,  bone,  and  meat-dust  fertilizer,  anal- 
yses of,  15. 

Blue  mould  that  grows  upon  food,  figure 
of;  333. 

Bobierre,  his  analyses  of  leached  ashes, 
205. 

Bog  liay,  analyses  of,  339,  344;  fodder 
value'  of,  360 ;  popular  estimate  of  its 


fodder  yalue,  357:    should  be   mown 
early  in  the  season,  847. 

Bone-ash,  price  of,  17;  used  for  making 
superphosphate,  178,  190. 

Bone-black,  analyses  of,  13 ;  is  better 
than  bones  for  making  superphosphate, 
189,  190;  should  be  composted  with 
peat,  813 ;  is  much  used  as  a  manure 
m  France,  269. 

Bonenneal,  analyses  of  13,  18 ;  as  cattle 
food,  39 ;  fiel^  experiments  with,  84, 
107,  119,  301 ;  is  ordinarily  useless  on 
dry  "  drift "  soil  in  New  England,  94 ; 
price  of,  17. 

Botrytis  cana  (of  Schweinitz)  same  as 
Peronospura  viticola,  423. 

Botrytis  viticola,  see  Peronospora  viti- 
cota^  423. 

Boussingault,  his  experiments  on  the  ni- 
trogen of  garden  soil,  252,  262,  263,  265, 
278. 

Brain,  exact  situation  of  the,  in  animals, 
43. 

Bran  (of  wheat),  analyses  of,  25, 27 ;  aver- 
age composition  of,  35,  36 ;  as  cattle- 
food,  25,  36,  38,  89 ;  composition  of, 
contrast^  with  that  of  oats,  barley, 
maize,  hay,  etc,  36 ;  European  sam- 
ples contain  less  flour  than  American, 
32 ;  as  human  food,  37 ;  is  liable  to 
spoil  by  keeping,  34 ;  table  of  analyses 
of  European  samples,  31. 

Bran  products,  amount  of,  used  in  vicinity 
of  Boston,  38 ;  proportion  of,  to  fine 
flour  obtained  by  millers,  29. 

Bread-mould,  figure  of,  333. 

Breathing  pores  of  leayes,  320. 

Brewers*  gnuns,  composition  of,  36 ;  much 
used  in  yicinlty  of  Boston,  38. 

Brush-burning,  is  hurtful,  160. 

Buckwheat,  growth  of,  in  coal-ashes,  52, 
in  sands,  61,  256,  in  mixtures  of  sands 
and  loam,  257,  in  peat  and  coal-ashes, 
254-257  ;  is  well  suited  for  experiments 
by  the  method  of  sand  culture,  52. 

Buckwheat  bran,  as  food  for  swine,  368 ; 
is  rich  in  albuminoids,  868,  noU. 

Buckwheat  seeds,  mean  weight  of,  55. 

Bull,  Marcus,  his  experiments  on  the 
weight,  per  cord,  of  different  kinds  of 
woods,  206. 

Burnett,  Dr.  Joel,  asserts  that  the  black 
knot  is  due  to  a  fungus,  448. 

Bussey,  Benjamin,  extracts  from  his  wiU, 

Bussey  Institution,  oflicers  of,  6 ;  organi- 
zation of,  5,  6. 

Buttercups,  analyses  of  hay  made  £rom, 
348 ;  lose  their  acrid  juices  in  drying, 
349. 

Cabbaob,  white  mould  upon  the,  329. 

Cabbage-stumps,  composition  of,  376. 

Californian  olive  and  orange-tree  disease, 
404 ;  is  probably  due,  primarily,  to  an 
insect,  412,  413. 

Calves,  slaughtering  of,  46. 

Capnodinm  Citri  (orange  fungus),  is  identi- 
cal with  Fumago  salicina,  410. 
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Carbohydrates,  meaning  of  the  tenn,  28, 
87,  8§. 

Carbonic  acid  in  wood-ashes,  method  of 
estimating  it,  198 ;  proportion  found, 
194,  207  et  $eq. 

Carex  stricta,  uialyses  of  hay  from,  844 ; 
analysis  of  seeds'of,  848. 

Catalc^ue,  of  fungi  found  near  Boston. 
480;  of  ligneous  plants  in  the  Arnold 
Ari>oretum,  295,  456  ;  of  the  peronospo- 
Tes  of  the  United  States,  426. 

Cats,  humane  destruction  of,  47,  48. 

Cattle  (compare  Stock),  humane  destruc- 
tion of,  451 

Cellulose,  meaning  of  the  term,  80;  of 
the  fungus  called  tuckahoe,  370 ;  the 
methods  of  estimating  are  known  to  be 
faulty.  37. 

Charcoal,  loss  of  ash-ingredients  from  the 
wood  in  the  preparation  of,  248. 

Cherry-tree,  culture  of,  has  been  aban- 
doned in  some  places  on  account  of  the 
black  knot,  440 ;  description  of  the  dis- 
ease called  black  knot,  440,  444,  446; 
question  whether  the  better  kinds  of 
cultivated  are  subject  to  the  black  knot, 
451 ;  some  kinds  appear  to  be  free  from 
the  knot,  450. 

Chestnuts,  .composition  of,  376. 

Chicorv,  nourishes  spores  of  the  lettuce 
moufd,  828. 

China,  the  soil  of,  is  often  not  specially 
productive,  157. 

Chloride  of  Potassium,  see  Muriate  of 
Potash. 

Choke-cherrv-tree.  is  subject  to  the  dis- 
ease called  black  knot,  440;  should  be 
destroyed  as  a  pest,  452. 

Chloroform,  as  a  means  of  destroying  ani- 
mals, 44,  47. 

Chlorophyl  grains^  820. 

Circumstances  inimical  to  field  experi- 
ments, 85,  86,  87,  103,  115,  125,  126, 
128,  13:^,  139,  141,  142,  161,  162,  305. 

Cladojtporium,  the  genus  of  fungi,  so 
called,  407 ;  includes  secondary  forms 
of  different  Sphfleriacen,  442 ;  C.'f  umago 
same  as  Fumago  salicina,  410. 

Cleveland,  D.,  sends  specimens  of  Cali- 
fomian  orange  fungus,  404,  note. 

Climate,  influence  of,  up<m  the  utilization 
of  the  soil-nitrogen  by  crops,  272-274. 

Clover,  the  question  whether  it  has  any  in- 
fluence upon  the  potato  rot,  331,  332,  835. 

Coal-ashes,  agricultural  value  of,  50 ;  are 
no  better  than  sand,  56;  chemical  ex- 
amination of,  70  ;  experiments  in  grow- 
ing plants  in  52;  contain  phosphoric 
acid  and  potash,  66,  70 ;  use  of,  in  the 
earth  closet,  67,  f(>r  mixing  with  guano 
and  other  corrosive  manures,  67. 

Compost,  made  with  ashes  or  potashes, 
387 ;  with  dung,  fish,  lime,  offal,  etc., 
888 ;  made  with  wood-ashes  is  a  "  com- 
plete** manure,  388;  theory  of  the 
action  of  the  lime  and  salt  mixture,  in 
makini;,  392. 

Composting,  better  than  fire  as  a  means 
of  reduang  vegetable  matter,  202.  | 


Conditions  necessary  for  the  growth  oi  a 

maximum  crop)  129. 
Conidia,  meaning  of  the  term,  824,  noU, 
Connecticut,  oniou-f  ungus  in,  428. 
Copperas,  often  contains  ammonia,  402. 
Com,  see  Maize. 
Com  meal  and   apples,  an    inadvisable 

ration,  369. 
Cost,  of  fertilizers,  18,  170,  186,  806,  809, 

879 ;  of  importing  superphosphate,  173. 
Cotton-seed  husk,  analysis  of  ashes  from, 

387. 
Cotton-seed  meal,  see  Oil-cake. 
Cow  dung,  composition  of,  316 ;  field  ex- 
periments witn,  140,  315. 
Cows  fed  with  apples,  362,  369. 
Crenic  acid,  a  nitrogenous  body,  280. 
Crops,  how  to  obtain  the  ** normal"  or 

maximum  crop,  129. 
Cruciferous  plants,  the  white  mould  of, 

329. 
Crude-ashes,  meaning  of  the  temi,  80. 
Cucurbitaria,  some  species  of  the  genus 

resemble  Sphteria  morbosa,  448. 
Curculio,  attacks  the  black  knot  on  plum- 
trees,  445,  447 ;  but  not  that  on  cnoke- 

cherrv-trees,  446. 
Curtis,  liis  enumeration  of  fungi  found  on 

North  Carolinian  grape-vines,  415. 
Cyanide  of  i>otassium.  is    contained    in 

certain  fertilizers,  382 ;  residues  from, 

are  used  as  manure,  381. 
Cystopus  Bliti,  description  of,  429. 
Cystopus  candidus,  or  white   mould   of 

cmciferous  plants,  829,  429. 
Cystopus  cubicus,  description  of,  429. 


Damsons,  reason  of  their  high  price  in 
New  England,  440. 

Dana,  Dr.  S.  L..  commends  composts  made 
of  peat  and  alkali,  281. 

Date-stones,  composition  of,  873;  fodder- 
value  of,  875 ;  used  as  fodder  in  Arabia, 
873. 

Death,  not  immediate  when  an  animal  is 
beheaded,  41. 

De  Barv,  Prof.,  his  work  on  Peronospone, 
831,  336. 

Destruction  of  animals,  paper  upon,  by 
Prof.  Slade,  40;  various  methods  em- 
ployed for  the,  43. 

Dextrin,  amount  of,  contained  in  bran,  80. 

Diagrams  of  plots  for  field  experiments, 
82,  118. 

Diatoms,  abound  in  peat,  135;  inhabit 
moist  soiU,  278. 

Diatrype  viticola,  a  fungus  found  on 
American  grape-vines,  415. 

Diff union  of  li(|uids,  significance  of,  in 
compost-making.  392. 

Digestive  organs  of  cattle,  anatomy  of  the, 
287. 

Diplodia,  the  genus,  so  called,  is  a  second- 
ary form  of  some  Ascomycetous  fungus, 
41*5. 

Disease,  of  cherry-trees,  called  black  knot, 
440  ;  of  grape-vine,  caused  bv  the  fun- 
gus Peronospora  viticola,  41^;  of  olivo 
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and  oranffe  trees  in  California.  404,  in 
Florida,  wb.  is  probably  doe  primarily 
to  insects,  412, 413 ;  of  orange-trees  may 
be  treated  with  alkaline  soaps.  414 ;  of 
plum-trees  called  black  knot,  440. 

Diseases  of  animals,  rational  treatment  of, 
288. 

Disturbing  influences,  see  Circumstances. 

Divinity  School,  Mr.  Bussey's  gift  to  the, 
8,4. 

Dogs,  humane  destruction  of,  47,  48. 

Draining,  of  bogs,  361 :  a  means  of  check- 
ing the  potato  rot,  335 ;  of  salt  nuuishes, 
361. 

Drift  soil,  of  Eastern  Massachusetts,  its 
power  of  supporting  trees,  58. 

Drugs,  action  of,  varies  in  different  ani- 
mals, 287. 

Dung  of  animals  (compare  Stable  Manure), 
diffusive  power  of  its  nitrogenous  con- 
stituents, 131 ;  why  better  as  manure 
than  mere  vegetable  matter.  132. 

Dung  of  fowls  and  of  hogs  liable  to  be  fly- 
blown, 24. 


Earth  closet,  use  of  coal-ashes  in  the,  67. 

English  hay,  see  Hay. 

Epidermis  of  leaves,  320. 

Exhausted  land,  in  New  England.  158. 

Experiments  with  fertilizers,  80,  103,  116, 

300. 
Experiments  upon  growth  of  potatoes,  by 

Bir.  Henry  Saltonstall,  137. 
Exudations  from  trees  or  other  plants  may 

supply  food  to  fungi,  412,  445. 


Fallows,  promote  changes  in  the  condi- 
tion of  the  soil-nitrogen,  276. 

Farlow,  W.  G.,  on  the  black  knot,  440 ; 
on  a  disease  of  olive  and  orange  trees, 
404 ;  on  the  lettuce  mould,  328 ;  on  the 
potato  rot,  319 ;  on  American  grape-vine 
mildew,  415 ;  list  of  fungi  in  vicinity  of 
Boston,  430 ;  synopsis  ot  PeronosporesB 
of  the  United  States,  426. 

Farming,  peculiar  conditions  that  affect 
the  art  m  New  England,  159  ;  is  possi- 
ble in  the  absence  of  humus^  269 ;  style 
of,  depends  on  conditions  which  obtain  in 
any  ^ven  locality,  168 :  system  of,  in 
the  vicini^'  of  Boston,  157. 

Farm-yard  manure,  tield  experiments 
with",  83,  88,  106,  140,  315. 

Fat,  of  apples,  365 ;  of  bran,  28 ;  of  black 
grass  seeds,  343;  of  date  stones,  375; 
of  hay,  343. 

Feed,  meaning  of  the  term,  25. 

Fertility,  natural,  of  land,  see  Natural 
Strength. 

Fertilizers,  amounts  of  to  be  added  to 
land,  311 ;  analyses  of,  8,  170, 185, 191, 
378 ;  appraisal  of,  16,  18,  21),  178,  186, 
378 ;  coal-ashes  good  to  mix  with,  67 ; 
commercial,  have  the  advantage  of  being 
free  from  eggs  or  larvae  of  insects,  24, 
and  from  the  spores  of  fungi,  336 ;  that 
contain  matters    poisonous    to  plants, 


881,  may  be  useful  because  poisonoua, 
381 ;  field  experiments  witli,  at  the 
Bussey  Institution,  80,  103, 116,  300,  at 
the  farm  of  Mr.  Henry  Saltonstall,  137  ; 
influence  of,  on  growth  of  Agricultural 
Schools,  22 ;  mixtures  of,  for  field  ex- 

feriments,  116,  138,  306,  on  grass  land^ 
88,  189  ;  cost  of  mixtures,  as  compared 
with  the  cost  of  dung,  306,  309 ;  mix- 
tures should  be  made  by  the  farmer, 
rather  than,  bv  the  manufacturer  or 
dealer,  184,  88^;  phosphatic,  might  be 
imported  from  Europe,  23, 180 ;  potassic, 
sources  of,  378;  should  not  be  applied 
to  land  in  undue  quantity,  129,  311, 312, 
316 ;  trials  of,  in  field  experiments,  80. 
103.  116,  137,  188,  189,  300,  818;  use  of 
mixtures  of,  300,  307,  310. 

Figures  (or  references  to  figures),  of  the 
fungus  that  causes  the  black  knot  on 
plum  and  cherry  trees,  441,  448,  444, 
454 ;  of  the  fungus  that  causes  the  po- 
tato rot,  321,  325;  of  Fumago  salicina, 
406,  407,  411,  454 ;  of  heads  of  animals, 
43.  45 ;  of  the  lettuce  mouM,  828,  329 ; 
of  the  olive  fungus,  406.  407,  454;  of 
some  common  moulds,  333;  of  Pero- 
nospora  effusa,  454;  of  P.  infestans, 
321,  325;  of  P.  nivea,  426,  454;  of  P. 
viticola,  418,  419,  421,  427,  454  ;  of 
Sphaeria  morbosa,  441,  443,  444,  454. 

Field  experiments,  at  the  Bussey  Institu- 
tion, 80,  103,  116,  300;  circumstances 
that  tend  to  perturb,  85,  86,  87,  103, 

115,  125,  126,  128.  133,  139,  141,  142. 
161,  162,  305  ;  European  contrasted 
with  those  made  at  the  Bussey  Institu- 
tion, 168,  have  seldom  been  made  upon 
poor  land,  169 ;  of  Mr.  Henry  Salton- 
stall, 137,  188;  with  mixed  fertilizers, 

116.  137,  188,  300. 

Fine-teed,  meaning  of  the  term,  25 ;  is 
sometimes  preferred  to  middlings,  38. 

Fire,  should  oe  used  as  little  as  possible 
in  agriculture,  202. 

Fish,  humane  destruction  of,  4Q. 

Fish-pomace,  see  Fish-scrap. 

Fish-scrap,  analyses  of.  15, 19 ;  is  a  cheap 
manure,  312 ;  is  a  cneap  source  of  m- 
trogen,  19 ;  field  experiments  with,  83, 
106,  119.  301;  as  food  for  animals,  367, 
372;  price  of,  19;  said  to  be  specially 
effective  in  warm  climates,  273. 

Fixing  power  of  coal-ashes,  78. 

Flesh-meal,  as  food  for  animals,  367,  372; 
said  to  be  specially  useful,  as  manure, 
in  warm  climates,  273. 

Flocks,  field  experiments  with,  84,  10^ 

Florida,  orange  disease  in,  405. 

Flowering  fern,  analysis  of  hay  made 
from  the,  348 ;  popular  estimate  of  the 
value  of  such  hay,  348. 

Fodder,  analysis  alone  is  insufficient  to 
determine  the  worth  of,  350;  methods 
of  determining  the  yalue  of,  350,  362; 
significance  of  chemical  analysis  of, 
37,  373 ;  standard  method  of  analyzing, 
26;  tobies  of  values  of,  36,  35l,  352, 
353,  367,  376. 


BULLETIN  OF  THE  BUSSET  INSTITUTION. 


463 


Forage,  Question  of  tuing  the  rougher 
kinds  of,  360. 

Fresh-meadow  hay,  see  Bog  Hay. 

Fruits,  analyses  of,  371. 

Fumago  salicina  (a  fungus  found  on  wil- 
low, olive,  orange,  and  other  trees), 
411 ;  conidia  of,  406  ;  description  of, 
405 ;  figures  of,  406 ;  pycnidia  of,  407 ; 
Htylospores  of,  407,  411.* 

Fungi,  certain  kinds  attack  trees  that  are 
infested  with  insects,  412;  commonly 
contain  much  nitrogen,  371 ;  the  initial 
stage  of,  is  filamentous,  413  ;  list  of 
those  found  near  Boston,  430;  those 
that  attack  the  grape-vine  are  not  so 
varied  as  has  been  supposed,  415. 

Fungus,  of  the  birch-tree,  411  ;  of  the 
cherry-tree,  that  causes  black  knot, 
440;  of  the  coffee-tree,  follows  an  in- 
sect, 412 ;  of  the  hawthorn,  411 ;  of  the 
hollyhock,  330 ;  identity  of,  in  the  black 
knot  of  cherry  and  plum  trees,  4dO; 
instance  of  the  migration  of  a.  330; 
known  as  white  mould  on  cabbages, 
etc.,  329 ;  of  the  lemon-tree,  411 ;  of  the 
lettuce-plant,  337 ;  of  the  oak-tree,  41 1 ; 
of  olive  and  orange  trees,  404,  410,  411 ; 
of  the  pear-tree,  411  ;  of  the  plum- 
tree  that  caui^es  black  knot,  440;  that 
causes  the  potato  rot,  319,  321 ;  of  the 
qoince-tree,  411 ;  that  called  tuckahoe 
contains  very  little  nitrogen,  370  ;  of 
the  willow,  411. 


Gas  lime,  field  experiments  with,  83,  86, 
105,  134 ;  sometimes  produces  tolerably 
good  effects,  as  a  manure,  136. 

Gasteromvcetes,  list  of  species  found  near 
Boston,' 43:3. 

Germination,  of  barley  in  water  that  oc- 
casionally froze,  52;  of  the  spores  of 
fungi,  325-327 ;  of  the  spores  of  Pero- 
nospora  viticola,  419 ;  of  the  spores  of 
Sptueria  morbosa,  443. 

Gibbera,  the  genus,  so  called,  needs  further 
study,  448. 

Glass-fiouse,  experiments  In,  51,  253  ; 
temperature  at  which  kept.  253. 

Glass  jars,  are  better  for  culture  experi- 
ments than  unglazed  earthen  flower- 
pots, 253. 

Glass-works,  potash  -  waste  obtainable 
from,  386. 

Grain,  is  grown  continuously  in  certain 
localities,  273  ;  the  question  whether 
grain  crops  have  any  iuUuence  upon 
the  potato  rot,  331,  332,  336. 

Grape  disease,  caused  by  Peronospora  vi- 
ticola, 416  ;  of  Europe  and  Madeira, 
415. 

Grape-vines,  are  attacked  by  various 
fungi,  415;  mildew  on  American,  415. 

Gravel,  growth  of  plants  upon,  58,  277. 

Grass;  best  time  for  cutting,  355 ;  heavy 
crops  of,  obtained  by  use  of  mixed  fer- 
tilizers, 188,  189. 

Grasses  natural,  analyses  of  hay  from 
several,  339. 


Green  sand,  from  New  Jersey,  culture 

experiments  in,  64,  256. 
Groundsel,  harbors  the   lettuce    mould. 

828,  and  is  a  peculiarly  pernicious  weed 

on  that  account,  338. 
Guano,  not  esteemed  in  New  England, 

158;   field  experiments  with,  83,  107, 

143. 
Gum,  exuded  by  olive  and  orange  leaves, 

feeds  a  fungus.  412,  and  so  does  that 

from  the  black  knot  on  plum-trees,  445. 
Gypsum,  field  experiments  with,  83,  86, 

105.  134;  tends  to  increase  growth  of 

leafy  parts  of  plants,  276. 

Hark  MESS,  Dr.  H.  W.,  sends  specimens 
of  orange  fungus,  404, 

Harris,  Dr.  T.  W.,  his  views  as  to  the 
cause  of  the  black  knot  on  plum-trees, 
449.450. 

Hawtnom,  a  fungus  of  the.  411. 

Hay,  best  season  for  making,  355  ;  is 
l>etter  cured  nowadays  in  New  Eng- 
land than  formerly,  355 ;  from  natural 
grasses  (see  Bog  Hay  and  Salt-marsh 
Hav) ;  tables  of  average  composition  of, 
86, '352,  853,  376. 

Heads  of  animals,  figures  of,  43,  45. 

Uellriegel,  Prof.j  his  experiments  for 
obtaining  maximum  crops,  129;  tests 
the  fertilizing  power  of  rain-water,  284. 

Helminthosporium,  the  genus  of  fungi, 
so  called,  407. 

Helvellaceo^,  list  of  species  found  near 
Boston,  437. 

Hen  dung,  breeds  maggots,  24.  • 

Henneberg,  Prof ,  his  method  of  analyz- 
ing fodders,  26. 

Herbaceous  plants,  may  increase  diseases 
of  vegetables,  338.  452. 

High  farming,  is  antagonistic  to  the  set- 
tling of  waste  land,  169;  is  inapplicable 
to  land  of  small  value,  130;  necessary 
upon  costly  land,  168. 

Hollyhock  fungiw.  migration  of  the,  330. 

Honev-dew,  is  fed  upon  by  certain  fungi, 
412*. 

Horse,  humane  destruction  of  the,  43; 
respiration  of  the,  287. 

Horse  manure,  composition  of,  316  ;  is 
esteemed  in  vicinity  of  Boston,  156; 
field  experimenU  with,  88, 106, 140. 315 ; 
is  a  potassic  manure,  as  compared  with 
night  soil,  156. 

Human  excrement,  is  liable  to  be  fly- 
blown, 24. 

Humane  destruction  of  animals,  paper 
upon  the,  by  Prof.  Slade,  40. 

Humus,  contains  much  nitrogen,  267; 
serves  some  other  useful  purposes  t)e- 
sides  supplying  nitrogen  to  crops.  285 ; 
its  signiticance  to  the  farmer,  269 ;  sol- 
ubility of  in  alkalies,  281. 

Hymenomycetes,  list  olf  species  of,  found 
near  Boston,  434. 

Inuiam  bread,  analysis  of  the  fungus,  so 
called,  370. 
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Infagoria,  may  promote  fertility  of  the 
•oil,  277. 

Insects^  attack  the  black  knot  on  cherry 
and  plum  trees,  442,  445;  have  been 
supposed  to  cause  the  black  knot,  448 ; 
some  kind»  injurious  to  vegetation  are 
bred  in  the  dung  of  the  hen,  the  hog, 
and  man,  24 ;  by  wounding  plants,  ma^ 
supply  food  for  various  kinds  of  lungi, 

Irrigation,  employed  in  Italy,  131  ;  im- 
portance of,  for  New  England,  131. 


Johnson,  S.  W.,  his  analyses  of  fertil- 
izers, 20 :  of  leached  ashes,  202 ;  of  salt- 
petre waHtc,  iiSi;  his  estimates  of  the 
money  value  of  phosphoric  acid,  17, 186 ; 
his  experimentii  upon  the  growth  of 
maize  m  peat,  265. 

Kaiiht.  analyses  of,  879 ;  cannot  properly 
be  called  a  sulphate  of  potash,  380. 

Kernels  of  dates,  peaches,  and  ploms, 
analyses  of,  373. 

Lambs,  humane  destruction  of,  46. 

Lampadius,  Prof.,  liis  experiments  with 
humus,  281. 

Law  School,  Mr.  Bnssey*s  gift  to  the, 
3,4. 

Lawes,  Mr.  J.  B.,  his  formula  for  a  mix- 
ture of  fertilizers,  138;  his  gift  of  su- 
perphosphate of  lime  to  the  trustees  of 
Massachusetts  Society  for  Promoting 
Agriculture,  170,  18l;*liis  letter  to  the 
treasurer  of  the  Massachusetts  Society 
for  Promoting  Agriculture,  181. 

Lawes  and  Gilbert,  their  analyses  of  bran, 
33. 

Leached  ashes,  analyses  of,  202;  contain 
but  little  phohphoric  acid  or  potash, 
202-205;  their  fertilizing  power  not  to 
be  specially  attributed  to  phosphoric 
acid,  204. 

Leather  scraps,  field  experiments  with, 
84,  93,  108. 

Leaves  of  the  potato  plant,  their  struc- 
ture in  health  and  di.nease,  320. 

Lemon-tree,  fungus  on,  404,  411. 

Lettuce  mould  i  Peronospora  ganglifonnis), 
description  of,  328,  427  ;  figure  of,  328  ; 
palliatives  for,  .337  ;  its  spores  are  nour- 
ished in  some  common  weeds,  328. 

Ligneous  plants,  catalo^^ue  of  tliose  grow- 
mg  in  tne  Arnold  Arboretum,  2  )o,  456. 

Lime,  combines  with  certain  nitrogenous 
matters,  281 ;  for  making  compo.-tw.  388, 
3i)2;  field  experinienU  with,  83,  86,  102, 
105,  313. 

Limit  of  fertilitv,  of  Bussev  Plain-field. 
129,  137,  142*;  of  poor  ^ew  England 
soil,  130. 

List  of  fungi  found  near  Boston,  430 ;  of 
ligneous  plants  in  Arnold  Arboretum, 
295,  456:  of  the  PeronosporesB  of  the 
United  States,  426. 

Lithium,    in   anthracite,    72;   in   beans, 


black  grass,  bitwninoas  coal,  eel-^nas, 

maize,  peat,  ox-eve  daisy,  and  touuxo, 

73,  74. 
Loams,  amount  of  nitrogen  contained  in 

various  samples,  258,  267. 
Low  farming  better  than  high  fanning  for 

much  land  in  New  England,  130,  168. 
Luke,  Mr.  E.  H.,  provides  samples  of 

bran  for  analysis,  2i. 


Maize,  composition  of,  36, 376;  growth  of, 
in  coal-ashes,  69.  in  coal-ashes  and  peat, 
255,  in  peat.  265. 

Manure,  inutility  of  applying  more  than  a 
soil  can  support,  312,  3*16. 

Marquart,  Dr.  L.  (?.,  superphosphates  ob- 
tained from,  23,  172. 

Massachusetts  Society  for  Promoting  Ag- 
riculture, grants  of  money  to  the  Bussey 
Institution  and  the  Botanic  Garden, 
made  by  its  trustees,  5 ;  inquiries  for- 
merlv  published  by  its  trustees,  357. 

May,  ^ruf.,  his  experiments  with  phoa- 
pnatic  manures,  94. 

Mazzard  cherrv-tree,  is  somewhat  tabject 
to  the  bUu;k  1^01,451. 

Meadow,  meaning  of  the  term,  339. 

Meadow  hay,  see  Bog  Hay. 

Meat-dust,  price  of,  385. 

Menhaden,  manure  from  the  fish,  so  called, 
19. 

Middlings  (see  Bran),  meaning  of  the 
term,  26. 

Mildew  of  American  grape-vines,  415. 
(Compare  Moulds.) 

Mill-stuifs,  meaning  of  the  term,  96.. 

Mixed  fertilizers,  objections  to  bayin(F 
them  ready-made.  184,  382 ;  may  yield 
better  crops  than  farm  or  stable  manure, 
125. 

Moisture,  influence,  of  on  the  efficiency  of 
animal  manures,  274,  279 ;  needed  by 
New  England  soils,  130;  small  propor- 
tion of,  in  American  hays  and  other  dried 
forage,  346. 

Moor  earth,  formation  of,  272. 

Morello  cherry-tree  is  verv  susceptible  to 
the  disease  called  black  knot,  451. 

Motion,  in  animals,  voluntary  and  invol- 
untary, 41. 

Motley,'  Mrs.  Thomas,  relinc^uishes  her 
life-estate  in  the  Plain-field  m  favor  of 
the  Bussey  Institution,  5 

Moulds,  figures  of  some  ordinary  kinds 
that  live  upon  dead  matter,  3.32 ;  some 
kinds  feed  upon  excretions  from  the 
leaves  of  plants,  412;  some  upon  gum 
exuded  from  diseased  stems,  445. 

Mucorini,  list  of  species  of,  found  near 
Boston,  431. 

Mucor  stolonifer,  or  bread  mould,  figure 
of,  333. 

Mulching,  effects  of,  279 ;  significance  of 
the  practice,  312. 

Muriate  of  potash,  analyses  of,  378 ;  bears 
transportation  better  than  the  sulphate, 
185 ;  may  be  used  with  lime  for  making 
composts,  393. 
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Muriatic  acid  should  be  made  from  muri- 
ate of  potash,  in  New  Enffland^  185. 

Mufltard-plant,  white  mould  of  the,  329. 

Mycelium,  or  mvcelial  threads  of  the  let- 
tuce mould,  ^8:  of  the  potato-rot  fun- 
gus, 322,  327,  336. 

Mvxomvcetes,  Ibt  of  species  found  near 
ISoston,  430. 


Natural  strength  of  land.  58,  129,  180, 
168,  311 ;  how  best  to  utilize,  169. 

New  Jersev  green  sand,  culture  experi- 
ments wfth,  64,  255,  257. 

Night  soil,  is  a  cheap  source  of  nitrogen 
and  phosphates,  157  ;  contains  compara- 
tively little  potash,  156;  is  a  forcing 
manure,  156 ;  is  held  in  small  esteem 
near  Boi^ton,  156  ;  is  sometimes  used  in 
conjunction  with  horse  dung,  156. 

Nitrate  of  ammonia,  anomalous  behavior 
of,  as  a  fertilizer,  283. 

Nitrate  of  potash,  field  experiments  with, 
92,  108,  154,  385. 

Nitrate  of  soda,  amount  to  be  n3ed  as 
manure,  307  ;  field  experiments  with, 
92,  108,  119,  138,  154.  301 ;  liability  of 
to  run  to  waste  from  tne  land,  132,  ^4; 
price  of.  385. 

Nitrates,  formed  by  oxidation  of  the  soil- 
nitrogen,  276 ;  more  easily  assimilated 
by  plants  than  ammonium  salts,  283 ; 
not  found  upon  anthracite,  402 ;  use  of, 
as  plant-food,  264. 

Nitrites,  not  found  upon  anthracite,  402. 

Nitrogen,  of  the  air,  is  insufiicient  for  the 
support  of  highly  organized  plants,  284; 
is  sometimes  fixed  by  the  soil,  285 ; 
anomalous  in  coal-ashes,  62, 401 ;  price  of, 
per  pound,  385,  note  ;  the  quality  of  that 
m  vegetable  mould  depends  in  part  upon 
climate,  272;  repeated  use  of  one  and 
the  same  portion  by  a  starving  plant. 
52,  264;  in  soils,  2b8,  267;  of  the  soil 
made  available  for  plants  by  wood- 
ashes,  271,  314 ;  supplied  to  cro(M  by 
irrigation,  273;  valuation  of.  17,  18, 
885,  note;  in  vegetable  mould,  its  im- 
portance as  plant-food,  252. 

Nitrogenous  manures,  analyses  of,  14 ; 
appear  to  be  less  important  in  hot  cli- 
mates than  in  cold,  273  ;  often  seem  to 
produce  effects  disproportionate  to  the 
amount  of  manure  employed,  282;  are 
of  little  use  by  themselves  upon  Bussey 
Plain-field,  141,  163;  price  of,  17,  18, 
385,  note ;  are  specially  needed  by  grain 
crops,  283 ;  use  of,  in  Europe,  282;  utility 
of  using  mixtures  of  them,  307,  310. 

Nitrogenous  organic  constituents  of  the 
soil  may  sometimes  serve  directly  as 
plant-food,  280. 

Nutrition  of  animals,  286. 

Oak-trek,  a  fungus  of  the,  411. 

Oats,  composition  of,  36 ;  the  question 
whether  the  oat-crop  has  any  influence 
upon  the  potato  rot,  381,  332,  336. 
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Oat-straw,  composition  of,  353. 

Oidium  Tuckeri,  is  the  couidial  form  of 
some  species  of  Ascomycetes,  415 ;  its 
occurrence  in  America.  416  ;  may  grow 
on  same  grape-leaf  with  Peronospora 
viticola,  423. 

Oil,  from  date-stones,  375. 

Oil-cake,  fails  to  fertilize  land  in  dry  sea- 
sons, 278 ;  field  experiments  witn,  84, 
98,  108 ;  as  food  for  animals,  367. 

Olive-cake,  composition  of,  376. 

Olive-leaves  more  liable  than  orange- 
leaves  to  suffer  from  the  attacks  of 
fungi^  409,  and  less  readily  protected 
from  insects,  414. 

Olive-tree,  disease  of,  in  California,  404, 
is  probably  due  primarily  to  an  insect, 
412,  413  ;  'fungus  on,  404. 

Onion  disease  in  Connecticut,  428. 

Oospores,  324,  327  ;  of  the  lettuce  mould, 
829;  may  pass  unharmed  through  the 
intestines  of  cattle,  336 ;  of  Peronospora 
infestans,  425. 

Orange-leaves,  fungus  on,  404;  tend  to 
repel  fungi,  because  smooth^  408. 

Orange-tree,  disease  of,  in  California,  404; 
in  Florida,  405 ;  in  Europe,  410 ;  nia^ 
be  treated  with  alkaline  soaps,  414 ;  is 
probably  due,  primarily,  to  an  insect, 
412,  413. 

Organic  matters  in  the  soil  supply  nitrogen 
to  plants,  252. 

Ox,  thickness  of  the  skull  of,  45. 

Oyster-shell,  crushed,  is  of  no  use  in  cer- 
tain cases,  313  ;  flour,  field  experiments 
with,  83,  86,  105,  134 ;  good  effects  of, 
136. 

Oyster-shell  lime,  is  of  no  use  in  certain 
cases,  313 ;  field  experiments  with,  83, 
86,  105,  134;  good  effects  of,  86,  136. 


Pachtma  Cocos,  or  tnckahoe,  analysis 
of,  370. 

Peach-stones,  analysis  of,  373  ;  proportion 
of  meat  to  nusk,  374. 

Peach-tree,  the  question  whether  it  be  sub- 
ject to  the  black  knot,  451. 

Pea  hay,  composition  of,  353. 

Pearlash.  field  experiments  with,  84,  88, 
106,  140,  315 ;  is  manufactured  in  Ger- 
many, 394 ;  purification  of,  at  glass- 
works, 386. 

Pear-tree,  a  fungus  of  the,  411. 

Peas,  as  food  for  animals.  367. 

Pea  straw,  composition  ot,  353. 

Peat,  analyses  of,  16,  135 ;  field  experi- 
ments with,  83,  87,  105,  134 ;  is  formed 
in  temperate  climates,  272 ;  growth  of 
plants  in,  254,  255,  265 ;  needs  to  be 
mellowed  before  use,  272;  proportion  of 
nitrogen  in,  267  ;  should  oe  moist,  in 
order  to  act  as  a  manure.  279. 

Peck,  C.  H  ,  his  account  of  the  black  knot 
of  cherry  and  plum  trees,  449 ;  describes 
conidia  of  the  olack  knot  fungus,  447. 

Pectin,  fodder  value  of,  869. 

Pectose,  f<Klder  value  of,  369;  in  the  fun- 
gus called  tuckahoe,  371. 
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Penicilliura  cmstaceuin,  or  blue  mould 
on  food,  figure  of,  333 

Peri8poriace«e,  li^t  of  species  of,  found 
near  Boston,  437. 

PeronoBpora  effusa,  description  of,  428 

Peronoftpora  gangliformis,  or  lettuce 
mould.  328, 337  ;  is  a  common  species  in 
New  England,  425 ;  de.«(cription  of,  427. 

Peronospora  infestans,  causes  the  potato 
rot,  319 ;  description  of,  322,  426 ;  fig- 
ure of,  321:  does  little  harm  in  diy 
seasons,  323;  is  more  easily  affected  by 
moij*ture  than  the  potato*  plant,  323'; 
oospores  of,  425;  steals  food  from  the 
cells  of  the  potato  plant,  322;  is  sup- 
posed to  grow  only  upon  the  potato  and 
allied  plants,  328. 

Peronospora  nivea,  description  of,  426;  is 
found  on  a  geranium  in  Massachusetts, 
426. 

Peronospora  parasitica,  description  of,  428; 
is  not  common  in  this  country,  425. 

Peronospora  viticola,  causes  cli«ease  on 
gra|je-vines,  416;  closely  resembles  P. 
nivea,  of  linger,  424;  is  common  on 
New  England  grape-vines,  416  ;  conidia 
of,  418;  description  of,  427:  description 
of  the  vine  disease  which  it  causes,  417  ; 
germination  of  the  conidia  of,  419 ;  haus- 
toria  of,  re.«emble  those  of  C  vstopns 
candidus,  417  ;  does  little  or  no  barm  to 
the  out-of-door  grape  crop  in  New  Eng- 
land, but  perhaps  good,  422;  may  be 
made  to  grow  on  European  vines,  *422 ; 
might  do  harm  in  Central  Europe,  423 ; 
oospores  of,  421 ;  its  presence  on  grape- 
leaves  does  not  protect  them  from  Oidium 
Tuckeri,  423 ;  is  tolerant  of  dryness, 
417. 

Peronospora  Schleideniana,  is  injurious  to 
onions,  428. 

Peronosporeae,  list  of  species  found  near 
Boston,  432 ;  are  more  abundant  in  Cen- 
tral Europe  than  in  the  United  States. 
425;  synopsis  of  those  of  the  Unitea 
States,  *426. 

Phacidiacei,  list  of  species  of,  found  near 
Boston,  438. 

Phoma,  the  genus,  so  called,  is  a  secondary 
form  of  some  Ascomycetous  fungus, 
415. 

Phosphatic  manures,  analyses  of,  8,  170, 
185,  191 ;  field  experiments  with,  84, 
90,  107,  119,  138,  143,  188 ;  are  of  little 
or  no  use,  bv  themselves,  on  Bussey 
Plain-field.  ll3 ;  utility  of  using  mix- 
tures of  the  several  varieties,  308. 

Phosphoric  acid,  amount  of,  contained  in 
the  ashes  of  woody  plants,  207  ;  appt;ars 
to  be  less  needed  by  New  England  soils 
than  potash,  144,  155;  average  amount 
in  wood^ashes,  191 ;  in  bran,  39 ;  in 
leached  ashes,  202 ;  loss  of,  in  burning 
of  wood,  199 ;  method  of  estimating,  in 
ashes,  195;  price  of,  in  England  and 
Germany,  179 ;  reduced  or  reverted,  so 
called,  20 ;  valuation  of,  17,  180,  185. 

Phosphates  of  lime,  see  Phosphatic  Ma- 
nures and  Phosphoric  Acid. 


Phosphide  of  iron,  formation  of,  201. 

Plwsioli^v,  a  knowledge  of,  is  important 
U)r  the  farmer,  286. 

Pink  mould,  on  plum-trees,  445. 

Pithing,  meaning  of  the  term.  49. 

Pit-sand,  from  Bussev  Plain-field,  growth 
of  buckwheat  in,  5^,  61 ;  is  as  ^od  as 
coal-ashes,  56,  58. 

Plain-field  of  the  Bussey  Institution,  de- 
scription of,  80. 

Plant -food,  the  nitrogen  in  Tc^retable 
mould,  considered  as,  252;  utilization 
of  that  naturally  contained  in  the  soil, 
169. 

Plates,  explanation  of,  454. 

Plo Wright,  C.  B.,  his  views  as  to  the  sys- 
tematic position  of  Splueria  morboea, 
447. 

Plum-stones,  composition  of,  878. 

Plum-trees,  the  disease  of,  called  black 
knot,  440,  444,  makes  them  rare  in 
New  England.  440. 

Pog\'-chum,  see  Flsh-mrap. 

Pomace,  from  cider-making,  analrsis  of, 
364,  367  ;  fodder  value  of,  372;  Has  littk 
or  no  value  as  manure,  371 ;  the  ques- 
tion whether  it  might  not  be  kept  as  sour 
fodder,  372. 

Pond  mud,  analvses  of,  16,  135. 

Potash,  abounds  in  certain  European 
soils,  160,  184,  270 ;  amounts  contained 
in  ashes  of  woodv  plants,  207 ;  amount 
contained  in  a  nitrogen ized  superphos- 
phate that  had  been  charged  with  fish- 
scrap,  163  ;  average  amount,  in  wood- 
ashes,  191,  198,  in  leached  ashes,  203 
method  of  estimating  in  ashes,  195 
needed  by  New  England  soils,  155 
nei«ded  by  soil  of  Bussev  Plain-field, 
115,  127,  155;  price  of  the  pound  of, 
18''),  379  ;  solutions  of,  diffuse  faster 
than  those  of  soda,  392;  valuation  of, 
185.  379. 

Potash  compounds,  see  Potassic  Fertil- 
izers. 

Potashes,  amounts  of  crude,  obtained  from 
the  wood  of  various  trees,  307 ;  a  cheap 
manure,  391 ;  manufacture  of,  in  Amer- 
ica, 395,  in  Germany,  394;  sources  of 
American,  395;  as  a  standard  of  the 
value  of  the  alkali  power  in  ashes,  391. 

Potassic  fertilizers,  analyses  of,  378;  cost 
of,  185,  378 ;  field  experiments  with,  83, 
88,  92,  106, 108, 119. 140, 14-3,  315:  good 
effects  of,  on  soil  of  Bussev  Plain-field 
and  elsewhere,  88,  83,  lOit,  115,  141, 
163,  314,  '386 ;  less  needed  in  some  parts 
of  Europe  than  in  New  England,  159, 
160,  184,  270  ;  much  needed  in  New 
England,  158, 184;  the  Question  of  using 
mixtures  of  the  several  varieties,  308; 
the  reason  why  low-grade  potash  salts 
have  been  shipped  to  Amenca,  380. 

Potassium  chloride,  see  Muriate  of  Pot- 
ash. 

Potato,  field  experiments  with,  138;  fod- 
der value  of,  compared  with  that  of  tba 
apple,  369 ;  risk  of  growing  on  wet  land, 
335  ;  reason  why  the  early  kinds  are 
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least  liable  to  rot,  835;  some  varieties 
seem  to  resist  disease,  3*35 ;  when  frozen, 
may  be  saved  as  sour  fodder,  372. 

Potatoes,  rotten,  as  distinguished  from 
those  affected  by  the  disease  called  po- 
tato rot,  332. 

Potato-leaf,  structure  of,  in  heaHh  and  in 
difiease,  320. 

Potato-pulp,  composition  of,  376. 

Potato  rot,  absurdity  of  treating  it  with 
nostrums,  334 ;  cannot  occur  in  the  ab- 
sence of  moisture,  323,  S^ib  ;  no  evi- 
dence that  it  is  caused  by  insects,  332, 
333  ;  influence  of  previous  crops  upon 
the,  331,  336 ;  palliatives  for,  335 ;  pa- 
per on,  319 ;  precautions  that  should  be 
observed,  335  ;  how  propagated  from 
year  to  year,  327 ;  questions  concerning, 
that  were  addressed  to  farmen*  by  the 
R<»val  Agricultural  Society,  331 ;  time 
of  Its  appearance,  320,  3H5. 

Potato  starch,  refuse  from,  preserved  as 
sour  fodder,  372. 

Poultry,  humane  destruction  of,  48. 

Powder-mills,  analysis  of  waste  from,  383. 

Power  of  land  to  yield  crops  is  limited, 
129,311. 

Prices  of  fertilizers,  16,  170,  185,  306-313, 
379  ef  trq. 

Prune-stones,  analysis  of,  873 ;  proportion 
of  meat  to  husk  in,  374. 

Prunus  Americana,  is  said  to  be  subject  to 
the  black  knot,  451,  453. 

Pnmus  (-hickasa,  the  question  whether  it 
be  subject  to  the  attacks  of  a  fungus, 
449,  451. 

Prunus  maritima,  appears  to  be  free  from 
the  black  knot,  451. 

Prunus  Pennsylvanica,  is  subject  to  the 
black  knot,' 451  ;  and  should  be  de- 
stroyed as  a  pest,  4.')2,  453. 

Prunus  serotina,  is  free  from  the  black 
knot,  4.50. 

Prunus  Virginiana,  is  very  subject  to  the 
black  knot,  440,  450  ;  and  should  be 
destroyed  as  a  pest,  452,  453. 

Prussiat'e  residues,  alkalinity  of,  381, 
390  ;  analysis  of,  380  ;  proportion  of 
potash  in,  Varies,  381. 

Pucciuia  Malvaccarum,  or  hollvhock  fun- 
gus, attacks  wild  mallows,  3^0 ;  migra- 
tion of,  330. 

Pumpkins,  composition  of,  867  ;  fodder 
value  of,  369. 

Pyrenomycetes,  descriptions  of  different 
states  of  development  of  species  of,  407 ; 
list  of  species  of,  found  near  Boston,  438. 


QuiNCK-TRKB,  a  fongos  of  the,  411. 


Radish,  white  mould  on  the,  329. 

Kain,  injurious  to  experimental  crops,  103. 

Rain-fall,  violence  of,  in  New  England, 
159. 

Rain-water,  proof  that  the  impurities  of, 
have  verv  little  influence  upon  the 
growth  o(  highly  organized  pUnta,  284. 


Rape-cake,  fails  to  fertilize  land  in  dry 
seasons,  279. 

Rats,  injurv  done  by,  to  experiments  with 
barley  in  1871,  85. 

Rhytisma  Vitis,  a  fungus  on  American 
grape-vines,  415. 

Rock  phosphates,  are  readily  assimilated 
bv  plants  in  moist  soil,  65.' 

Roclcs  of  New  England,  amounts  of  pot- 
ash contained  in  some  specimens,  161. 

Roots,  composition  of  several  kinds,  367 ; 
fodder  value  of,  3G9  ;  when  frozen, 
may  be  saved  as  sour  fodder,  372. 

Rostafinski,  I>r.  .J.  T.,  reference  to  his. 
work  on  Myxomycetes,  430. 

Rowen,  composition  of.  353. 

Rubidium,  detection  of,  in  ash  of  the  ox- 
eye  daisy,  73. 

Rum-cherry,  the  tree,  so  called,  is  free 
from  the  ulack  knot,  450. 

Rush,  the  common,  analvsis  of  hav  from, 
348. 

Ru;«h-sa1t-gra8s,  analysis  of  hay  from,  341. 

Rust,  of  grain,  331. 

Ruta-baga,  amounts  of  fertilizers  taken 
off  the  land  bv,  116;  field  experiments 
with,  85,  104,  121,  162  ;  large-sized 
plants  obtained  by  use  of  mixed  fertil- 
izers, 125 ;  trouble  from  worthless  seed, 
104. 

Rye,  growth  of.  in  coal-ashes,  67  ;  the 
question  whether  the  rye  crop  has  any 
influence  upon  the  potato  rot,  332,  336. 

Rye  straw,  composition  of,  353 ;  specula- 
tions as  to  its  fodder-value,  359. 


Salt  and  lime  mixture,  for  composts,  891. 

Salt-cake,  see  Sulphate  of  Soda. 

Salt-marsh  grass,  analyses  of  hay  from, 
341. 

Salt-marsh  havs,  analyses  of,  389 ;  fodder 
value  of,  860 ;  history  of  use  of,  in  New 
England,  854 ;  reasons  why  now  in  dis- 
repute, 356. 

Salt  marshes,  drainage  of,  861  ;  perma- 
nent fertilitv  of,  356. 

Saltonstall,  Henry,  his  computations  of 
cost  of  importing  superphosphate  of 
lime,  173-179;  field  experiments  by, 
137,  188;  superphosphate  made  at  liis 
farm,  187. 

Saltpetre,  reasons  why  it  cannot  profita- 
bly be  used  as  a  manure,  385. 

Saltpetre  waste,  from  powder-mills,  anal- 
vses  of,  383;  field  experiments  with, 
^85;  is  liable  to  varv  in  composition, 
884  ;  will  probably  6e  worth  more  to 
the  fanner  henceforth,  than  formerly, 
885. 

Sanborn,  F.  G.,  examination  of  larr»  in 
hen  dung,  24. 

Sand  culture,  results  obtained  by,  in  vari- 
ous experiments,  54-6J,  256. 

Sargent,  C.  S.,  catalogues  of  ligneous 
plants  in  Arnold  Arboretum,  2;)5,  456 ; 
reports  on  Arnold  Arboretum,  2J3,  455. 

Schloesing,  his  method  of  estimating  pboa- 
phoric  acid,  900. 
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Sea-«pear-grafl9,  hay  from,  840. 

Sedge  (so  called  of  salt  marshes),  see 
Salt-marsh  Graiw. 

Sedges,  analyses  of  hay  from,  344 ;  ripen 
earlier  than  the  cultivated  grasses,  347. 

Septoria,  the  genus,  so  called,  is  a  second- 
ary form  of  some  Ascomycetous  fungus, 
415. 

Sexual  and  asexual  spores,  324-329. 

Sheep,  humane  destruction  of,  46. 

Ship-stuff,  meaning  of  the  term,  26. 

Shorts,  see  Bran;  meaning  of  the  term, 
25. 

Shrubs,  see  Woody  plants. 

Slade,  Prof.  D.  1).,  papers  by,  on  the 
humane  destruction  of  animals,  40,  on 
the  importance  of  the  study  of  Applied 
Zoology,  286. 

Slauf^hter-house  refuse,  analyses  of,  15; 

f^nce  of,  385 ;  is  said  to  be  specially  use- 
ul,  as  a  manure,  in  warm  climates,  273. 

Slaughter-houses,  should  be  kept  clean  and 
quiet,  40. 

Slaughtering,  methods  of,  now  in  use,  41. 

Slurry,  a  waste  product  from  glass-works, 
analyses  of,  386 ;  b  a  powe^ul  manure, 
388. 

Smoothness  of  orange-leaves,  repels  fungi, 
408. 

Soap,  a  remedy  for  Califomian  orange 
disease,  414. 

Soap-boilers,  are  potash-makers^  395; 
waste  lime  from,  tor  field  expenments, 
83,  86,  105,  134. 

Soda  ash,  for  composting  peat,  888  ;  as 
a  standard  of  the  value  of  the  alkali 
power  of  wood-ashes,  390. 

Soils,  amount  of  nitrogen  contained  in, 
267 ;  from  Ohio  and  Illinois  often  rich 
in  nitrogen,  271;  methods  of  deepen- 
ing, 312;  partial  analvsis  of  that  from 
Busse^  Plain-field,  1^6  ;  those  rich  in 
organic  matter  ferment  when  made  al- 
kaline, 387. 

Soil  water,  nitrogen  in,  277. 

Solutions  of  chemicals,  strength  of  those 
used  in  sand  culture,  54,  62. 

Soot  from  wood  fires  contains  phosphoric 
acid,  200. 

Sour  hay,  373. 

Sow-thistle,  nourishes  spores  of  the  let- 
tuce mouldy  328. 

Specific  gravity  test,  for  wood-ashes,  397. 

Spermagonia  of  the  fungus  Sphseria  mor- 
bosa^  443. 

Sphiena  morbosa  (a  fungus  that  causes 
the  black  knot  of  plum  and  cherry 
trees),  440,  447;  ascoi*pore8  of,  442;  is 
attacked  by  insects.  442 ;  begins  to  grow 
in  the  cambium  of  the  tree,  445 ;  coni- 
dia  of,  441,  were  first  described  by  C. 
H.  Peck,  447 ;  does  not  thrive  so  well 
on  plum-trees  as  on  the  choke-cherry, 
444 ;  not  known  to  occur  except  in  con- 
nection with  the  black  knot,  450;  the 
propagation  of.  is  influenced  by  the  tex- 
ture of  the  black  knot,  446;  pycnidia 
of,  443 ;  resembles  some  species'  of  the 
genus  cucurbitaria,  448  ;   Schweinitz's 


description  of,  448  ;  spermagonia  of, 
443  ;  Its  spores  ripen  m  winter,  442, 
452;  stylospores  ol,  443;  is  unknown 
in  Europe,  453 ;  views  as  to  its  proper 
svstematic  position,  447. 

Spike  grass,  analvsis  of  hay  from,  340. 

Spores,  (or  reprocluctive  organs)  of  fungi, 
324 ;  figures  of,  325,  406,  419,  421,  454  ; 
varieties  of,  324;  may  pass  unharmed 
through  the  intestines'of  cattle,  336 ;  of 
the  lettuce  mould,  are  nourished  in  the 
weeds  chicory,  groundsel,  and  sow- 
thistlej  328;  of  Peronospora  infestans, 
conditions  necessary'  for  tne  germination 
of,  326 ;  of  Peronospora  nticola,  germi- 
nation of.  419 ;  of  Sph«eria  morbosa,  ger- 
mination of,  443. 

Stable  manure,  field  experiments  with,  83, 
88,  106,  138,  140,  315;  may  harbor  eggs 
or  larvte  of  insects,  24,  or  spores  of 
fungi,  336 ;  may  possibly  promote  the 
potato  rot,  336 ;  peculiar  merits  of.  316. 

Starch,  amount  contained  in  bran,  30,  32; 
is  a  food  of  approved  value,  360. 

Stassfurt  potasn  salts,  analyses  of,  378; 
price  of,  185,  379  ;  may  be  used  in  mak- 
ing composts,  391 ;  used  as  ballast  for 
ships,  380;  will  permit  wood-ashes  to 
be  used  in  American  agriculture,  394. 

Stein,  Otto,  his  analvsis  of  leached  ashes, 
203. 

Stewart,  E.  W.,  his  use  of  bran  and  straw 
as  fodder,  38. 

Stock,  Bakeweirs  improvement  of,  288; 
di^stive  organs  of,  287 ;  old  method  of 
wintering,  in  New  England,  356 ;  phy- 
siological laws  that  govern  the  feeding 
of,  286. 

Stockhardt  and  Peters,  their  experiments 
on  influence  of  temperature  on  the  decay 
of  humus,  274. 

Stohmann,  Prof.,  his  method  of  estimat- 
ing potash,  195. 

Storer.  F.  H.,  papers  by,  on  the  agricul- 
tural value  of  ashes  of  anthracite,  50 : 
analyses  of  foreign  superphosphates 
170 ;  analyses  of  snorts  ana  brans,  25 
analyses  of  potassic  fertilizers,  378 
analyses  of  salt  hay  and  bog  bay,  339 , 
average  amounts  of  phosphoric  acid  and 
potash  in  wood-ashes  from  house  fires, 
191;  composition  of  date-stones^  373; 
examination  of  commercial  fertilizers, 
8 ;  fodder  value  of  apples,  362 ;  impor- 
tance of  soil-nitrogen  as  plant-food,  252; 
occurrence  of  ammonia  in  anthracite, 
398;  trials  of  fertilizers  on  Bussey 
Plain-field,  80, 103.  116,  300;  valuation 
of  soluble  phosphoric  acid,  185. 

Straw,  is  carried  back  to  the  land  in  En- 
rope.  160 ;  little  used  as  fodder  in  New 
England,  354 ;  popular  estimates  of  the 
fodder  value  of,  359 ;  table  of  the  aver- 
age composition  of  various  kinds,  353. 

Strength  of  land,  see  Natural  Strength. 

Streptothrix,  the  genus,  so  called,   will 

Kx>bablv  be  given  up,  442. 
soil  plowing,  signincance  of  the  pro- 
cess, 813. 
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Sufferinp^  of  animals,  mar  not  be  accom- 
panied by  stru^^crlin^,  4*2. 

Siucar,  aJunuDt  coiitaiiied  in  bran,  30. 

8iii]»liate  of  ammuuia,  field  experiments 
with,  83,  U*2,  108,  119,  143,  301;  is 
liable  to  be  contaminated  with  sulpho- 
cyaiiide,  38-i. 

Sulphate  of  potaah,  analysis  of,  38G ;  is  a 
better  manure  than  "the  muriate,  on 
some  accounts^,  185 ;  field  experiments 
with,  88,  lOfJ,  ll'J,  140,  301,  315;  Kood 
eflfectjt  of,  102,  127,  141,  388 ;  might  be 
used  with  lime,  for  making  composts, 
3j3;  should  be  made  at  chemical  works 
in  New  England.  185;  should  not  be 
confounded  with  kainit,  380. 

Sulphate  of  soda,  or  salt-cake,  field  experi- 
ments with,  92, 108,  143;  has  little  agri- 
cultural value,  185. 

Sulphates,  increase  growth  of  leafy  parta 
of  plants,  276 ;  are  said  not  to  promote 
the  formation  of  nitrates  or  ammonium 
salts  in  the  soil,  276. 

Solphocyanide  of  ammonium,  a  contami- 
nant of  manures,  383. 

Superpho.sphate  of  lime,  analyses  of,  8, 
170,  187 ;  cost  of  importing  from  Europe, 
173-179 ;  disreputable  character  of  much 
that  is  sold  in  America,  22 ;  field  experi- 
ments with,  80,  103,  116.  188,  300; 
German  standards  of,  23,  174;  high 
grades  of,  172,  178 ;  home-made,  187 ; 
made  from  spent  bone-black,  187,  189 ; 
might  be  imported  from  Europe,  23, 
180  ;  price  of,  18,  21, 174, 178,  185 ;  rea- 
son why  used  as  a  manure,  20 ;  valuation 
of  the  soluble  phosphoric  acid  in,  185. 

Swine,  experiments  on  fattening  with 
apples  and  peas.  367,  apples  and  com 
meal,  368 ;  slaugntering,  46,  47. 

Synopsis  of  Peronospore»  of  the  United 
States,  426. 


Tables  of  analyses,  of  apples,  365;  of 
brans,  27,  31 ;  oi  wood-asues,  193,  207 ; 
of  best  and  worst  crops,  obtained  in 
field  experiments,  95,  109,  124,  145, 164, 
304 ;  of  composition  of  fodders  of  vari- 
ous kinds,  27,  31,  36,  351-353,  367,  376; 
of  composition  of  hays,  351-353  ;  of 
prices  of  English  superphosphates,  178 ; 
of  results  obtained  in  field  experiments 
by  the  use  of  mixed  fertilizers,  119. 138, 
188,  301,  by  the  use  of  simple  fertil- 
izers, 86,  105,  134,  315. 

Tankings,  analyses  of,  15. 

Tares,  composition  of  hay  from,  353. 

Thurberj  Dr.  Geo.,  sends  a  letter  concern- 
ing olive  fungus,  404. 

Torula  Olese,  same  as  Fumago  sallcina, 
410. 

Trees,  see  Woody  plants. 

Trenching,  significance  of  the  process,  312. 

Tricothecmm  roseum,  a  mould  that  feeds 
on  gum  exuded  from  the  black  knot  of 
plum-trees,  445. 

Tnposporium  Gardneri,  a  Ceylon  coffee 
fungus,  412. 


Trustees  of  Mr.  Bussey*8  estate,  transfer 
property  to  President  and  Fellows  of 
Harvard  College,  4;  of  James  Arnold, 
their  gift  to  the  President  and  Fellows 
of  Harvard  College,  6;  of  the  Massa- 
chusetts Society  for  Promoting  Agricul- 
ture, their  grant  of  money  to  the  Presi- 
dent and  Fellows  of  Harvard  College,  5. 

Tuberaces,  list  of  species  found  near  lk>s- 
ton,  437. 

Tuckahoe,  or  Indian  bread,  analysis  of, 
370 ;  contains  very  little  nitrogen,  370. 

Turnip,  see  Kuta-l)aga;  composition  of, 
867;  fodder  value  of,  369. 

Turnip  fly,  injures  the  experimental  crops, 
125.     * 

Tympanis  viticola,  a  fnngns  found  on 
American  grape-vines,  415. 


tJxciNULA  Spiralis,  a  fungus  found  on 

grape-vines,  416 ;  detection  of  the  peri- 
lecia  of,  416. 
Uredines,  list  of  species  of,  fonnd  near 

Boston,  432^  433. 
Ustilaginese,  hst  of  species  of,  foond  near 
Boston,  433. 


Yalsa  Yitis,  a  fungus  found  on  American 

grape-vines,  415. 
Vegetable  mould,  the  nitrogen  in,  is  a 

source  of  plant-food,  252. 
Vetches,  composition  of  the  hay  from,  353. 
Veterinary  colleges,  history  of,  291,  292. 
Veterinary  science,  importance  of,  290. 
Voelcker.  Dr.  A.,  his  analyses  of  soils 

from  Illinois,  271. 


Walsh,  B.  D.,  his  statement  that  the 
black  knot  of  plum-trees  is  not  caused 
by  insects,  449. 

Warts,  on  plum  and  cherry  trees,  440. 

Water,  amount  contained  in  hay,  etc., 
see  Forage. 

Water  meadows,  159,  356. 

Weeds,  small  iufiuence  of,  on  results  of 
field  experiments,  104 ;  may  increase 
diseases  of  vegetables,  338,  452. 

Wells,  David  A.,  his  analyses  of  Ohio 
soils,  271. 

Wheat,  composition  of,  376;  the  question 
whether  it  has  any  influence  on  the 
potato  rot,  331,  335;  refuse  husk  of, 
see  Bran ;  straw,  its  composition,  353. 

White,  Mr.  Geo.  E.,  the  price  of  phos- 
phoric acid  in  fertilizers  sold  by  him, 
186. 

White-weed,  analysis  of  hay  made  from, 
348 ;  the  question  as  to  its  fodder  value, 
352,  note. 

Wild  cherry-tree,  some  kinds  are  free  from 
the  bUck  knot,  450. 

Willow-tree,  a  fungus  of  the,  411, 

Wolff,  Prof.  Emil,  his  analysi.**  of  leached 
ashes,  205;  his  experiments  with  cal- 
cined soils,  260. 

Wood,  is  no  longer  burned  in  the  United 
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States  purposelj  for  potash-makinff, 
895;  I068  of  phosphoric  acid  from  in 
burning,  199 ;  weignts  of  different  kinds 
of,  per  cord,  206. 
Wood-ashes,  agricultaral  value  of,  per 
bushel,  390;  alkali  value  of,  in  terms 
of  money.  390 ;  amount  of  hygroscopic 
moisture  in,  195 ;  analyses  o(  191, 198, 
207 ;  contain  less  phosphoric  acid  than 
had  been  supposed,  198 ;  contain  a  small 
proportion  of  some  phosphorus  com- 
pound insoluble  in  acids,  200 ;  corrosive 
power  of,  388 ;  cost  of  transporting  is 
small,  896;  field  experiments  with,  84, 
88, 106.  122, 140,  313,  315 :  good  effects 
of,  in  neld  experiments,  127,  141,  314; 
are  held  in  high  esteem  by  New  Eng- 
land farmers,  157;  may  henceforth  be 
devoted  to  agricultural  use  in  the 
United  States,  395;  are  more  servicea- 
ble as  a  manure  than  any  single  potash 
salt.  127;  a  method  ox  detecting  the 
adulteration  of,  396 ;  often  contain  bits 
of  bone,  198 ;  proportion  of  ooarse  mat- 


ters contained  in«  194;  table  of  the 
alkalinity  of,  389  ;  their  importance  as 
a  pota8Sic  fertilizer,  191,  312,  394 ;  use 
of,  for  composting  peat  and  other 
organic  matters,  387,  388;  use  of,  for 
recuperating  exhausted  grass  land,  158. 

Woodland,  of  Eastern  Massachusetts,  58; 
laws  against  the  raking  of  leaves  from, 
276. 

Woody  plants,  to  be  grown  at  the  Bussev 
Institution,  6 ;  catalogue  of  those  grow- 
ing in  Arnold  Arboretum,  1  September, 
1874,  295, 1  September,  1875, 456;  table 
of  the  amounts  of  phosphoric  acid,  pot- 
ash, etc.,  that  have  been  found  in  the 
ashes  of,  207;  may  increase  diseases  of 
fruit-trees,  452. 


Xehopbok,  his  treatise  on  the  horse,  S90l 

ZoorxK3T,  see  Applied  Zoology. 
Zoospores,  325,  420;  germination  by,  828. 


Cambridge:  Prcsa  of  John  Wilson  &  Son. 


PLATE  IE. 


T  Sinclair  I  Son.  lifc.rinia. 


PLATE  TV" 


.  \ 


/ 
/- 


/ 


/ 


V*^     J- 


T. Sinclair  4  Son. Bft  Phila. 


J 


